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(57) Abstract 

The present invention relates to antithrombotic com- 
pounds comprising the group Q, Q having formula (I), wherein 
the substructure (i) is a structure selected from (a, b and c), 
wherein X is O or S; X* being independently CH or N; and m 
is 0, 1 , 2 or 3; wherein the group Q is bound through an oxygen 
atom or an optionally substituted nitrogen or carbon atom, or a 
pharmaceutically acceptable salt thereof or a prodrug thereof. 
The compounds of the invention are therapeutically active and 
in particular are antithrombotic agents. 



„(H 2 C) 




(I) 



(a) Q (b , >Q (c) 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TO 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KB 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


zw 


Zimbabwe 


CI 


Cote d'lvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






CU 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






cz 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DK 


Germany 


U 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SB 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







WO 98/47876 



1 



PCT/EP98/02455 



HETEROCYCLIC DERIVATIVES AND THEIR USE AS ANTITHROMBOTIC AGENTS 

The invention relates to new therapeutic compounds, in particular to antithrombotic agents, a 
process for their preparation, pharmaceutical compositions containing the compounds as active 
5 ingredients, as well as the use of said compounds for the manufacture of medicaments. 

In therapy, a multiplicity of active compounds is used for the treatment and prophylaxis of all 
sorts of diseases. Drugs differ widely in their pharmacodynamic effects and clinical application, 
in penetrance, absorption and usual route of administration, in distribution among the body 
10 tissues and in disposition and mode of action. 

Apart from the type of patient and the type of disease to be treated or to be prevented, the 
physicochemical properties of therapeutically active compounds determine to a great extern the 
preferred route of their admistration. In the development of drugs, the oral applicability thereof is 
usually an important selection criterium. For the majority of patients this is obviously the most 
5 convenient route for access of the drug to the systemic circulation. In order for a drug - 
administered via oral route - to act, it must first be absorbed before it is transported to the 
appropriate tissue or organ, where it may penetrate to the responding subcellular structure and 
may subsequently be metabolized, or where it may be bound, stored, or whatever is necessary to 
elicit a response or to alter ongoing processes. However, not always compounds which have 
been found to possess an advantageous therapeutic activity are also sufficiently absorbed in the 
gastrointestinal tract to display effective oral bioavailability. 

Thus, one of the pivotal issues in drug design is to develop compounds which both show activity 
and good absorptive properties. An important area in which is actively sought for oral 
biavailability is the area of antithrombotic agents. 

The present invention relates to antithrombotic compounds comprising the group Q, Q having 
the formula 
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m(H 2 Q 



H 2 N-^ ,X' 




N~X f 



wherein the substructure 




is a structure selected from 




, wherein X is O or S; 



X' being independently CH or N; 
5 and m isO, I, 2 or 3; 

wherein the group Q is bound through an oxygen atom or an optionally substituted nitrogen or 
carbon atom, 

or a pharmaceutically acceptable salt thereof or a prodrug thereof. 

The compounds of the invention are active antithrombotic agents having an improved 
10 pharmacological profile, in particular with regard to properties like their absorptive properties 
and their toxicity. 

The term "antithrombotic compound" means any compound having antithrombotic activity. 

Examples of such compounds are inhibitors of serine proteases that play a role in the blood 
1 5 coagulation cascade or GpIIb/IIIa antagonists. 

The group Q is bound to the molecule through an oxygen atom or an optionally substituted 

nitrogen or carbon atom. "Optionally substituted" in this respect means any suitable substituent, 

such as, but not limited to, oxo, alkyl, alkenyl, alkoxy, aryl, halogen and the like. 

The term "prodrug" means a compound of the invention in which (an) amino group(s) is (are) 
20 protected, e.g. by (a) hydroxy or (l-6C)alkoxycarbonyl group(s), or a compound wherein -if 

present- (a) carboxylate group(s) is (are) esterifted. 

The present invention relates to the surprising finding that the presence of the group Q in 
antithrombotic compounds gives rise to favourable properties of the compounds. Especially 
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when Q is used to replace a basic moiety in compounds of which is known that they require such 
a moiety for their activity, an improvement of the pharmacological properties is realized, and in 
particular when that basic moiety is a (hetero)arylguanidino or (hetero)arylamidino moiety. In 
particular an improvement of the absorptive properties of those compounds is observed. Also a 
5 reduction of the toxicity of compounds of this invention is observed. 



Preferably the group Q has the formula 

i 

m(H 2 Q 



H 2 N 

m being as previously defined. 

10 

An established in vitro model for the determination of the absorptive properties of drugs is the 
Caco-2 model (Artursson, P., S.T.P. Pharma Sciences 3(1), 5-10, 1993; Walter, E et al. 
Pharmaceutical Research, 3, 360-365, 1995). In this in vitro model the transepithelial transport 
properties of a compound are determined in monolayers of a human intestinal cell-line (Caco-2) 
15 in terms of a permeability coefficient (apparent permeability). This model is useful for the 
prediction of in vivo absorption of compounds in the gastrointestinal tract. 

Preferably the antithrombotic compounds of the invention have a Caco-2 permeability of 8 nm/s 
or higher. 




20 As noted above, amongst the compounds of the present invention are inhibitors of serine 
proteases of the blood coagulation cascade, and in particular inhibitors of thrombin and/or factor 
Xa. Preferred compounds inhibit thrombin more effectively than other serine proteases. More 
preferred compounds are thrombin inhibitors having, in addition, an IC50 value of less than 1 \sM. 
The compounds are useful for treating and preventing thrombin-mediated and thrombin- 

25 associated diseases. This includes a number of thrombotic and prothrombotic states in which the 
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coagulation cascade is activated which include, but are not limited to, deep vein thrombosis, 
pulmonary embolism, thrombophlebitis, arterial occlusion from thrombosis or embolism, arterial 
reocclusion during or after angioplasty or thrombolysis, restenosis following arterial injury or 
invasive cardiological procedures, postoperative venous thrombosis or embolism, acute or 
chronic atherosclerosis, stroke, myocardial infarction, cancer and metastasis, and 
neurodegenerative diseases. Compounds of the invention may also be used as in vitro 
anticoagulants or as anticoagulants in extracorporeal blood circuits, such as those necessary in 
dialysis and surgery. 

Serine proteases are enzymes which play an important role in the blood coagulation cascade. 
Apart from thrombin and factor Xa, other examples of this group of proteases comprise the 
factors Vila, IXa, XIa, Xlla, and protein C. 

Thrombin is the final serine protease enzyme in the coagulation cascade. The prime function of 
thrombin is the cleavage of fibrinogen to generate fibrin monomers, which are cross-linked to 
form an insoluble gel. In addition, thrombin regulates its own production by activation of factors 
V and VIII earlier in the cascade. It also has important actions at cellular level, where it acts on 
specific receptors to cause platelet aggregation, endothelial cell activation and fibroblast 
proliferation. Thus thrombin has a central regulatory role in homeostasis and thrombus 
formation. Since inhibitors of thrombin may have a wide range of therapeutical applications, 
extensive research is done in this area. 

In the development of synthetic inhibitors of serine proteases, and more specifically of thrombin, 
the benzamidine moiety is one of the key structures. It mimics the protonated side-chain of the 
basic amino acids Arg and Lys of its natural substrates. Compounds with this moiety have been 
studied extensively and repeatedly. A very potent representative of this type of thrombin 
inhibitors is the amino acid derivative Na-(2-naphthylsuIfonyl)-glycyl-4-amidinophenylalanin- 
piperidide (NAPAP) (Sturzebecher, J. et al., Thromb. Res. 29, 635-642, 1983). However, the 
pharmacological profile of NAPAP is unattractive for therapeutical applications: the compound 
shows toxic effects after intravenous administration and, in addition, poor oral bioavailability 
after oral administration. Up until now, the NAPAP-like benzamidine derivatives which have 
been investigated for use as thrombin inhibitors show these unfavourable pharmacological and 
pharmacokinetic properties. It was assumed that these properties are due to the strong basicity of 
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the amidino functionality of these compounds (Kaiser, et al., Pharmazie 42, 119-121, 1987; 
Sturzebecher, J. et al., Biol. Chem. Hoppe-Seyler, 373, 491-496, 1992). Several studies have 
been performed on variations of this basic structure (see for example Sturzebecher, J. et al., 
Pharmazie 43, 782-783, 1988; Sturzebecher, J. et al. (1993), DIC-Pathogenesis, Diagnosis and 
5 Therapy of Disseminated Intravascular Fibrin Formation [G. Muller-Berghaus et al, eds.] pp. 
183-190, Amsterdam, London, New York, Tokyo: Exerpta Medica). However, modifications of 
the benzamidine moiety decreasing its basicity always resulted in a drastic loss of anti-thrombin 
activity (Sturzebecher, J. et al, J. Enzyme Inhibition 9, 87-99, 1995). 

10 Oral bioavailability is a property of thrombin inhibitors which is urgently searched for. Potent 
intravenous thrombin inhibitors are clinically effective in acute care settings requiring the 
treatment of thrombin-related diseases. However, particularly the prevention of thrombin-related 
diseases such as myocardial infarct, thrombosis and stroke require long-term therapy, preferably 
by orally dosing an anticoagulant. Consequently, the search for active, orally bioavailable 

15 thrombin inhibitors continues unabated. Oral bioavailability is at least in part related to the ability 
of compounds to be absorbed in the gastrointestinal tract. The low oral bioavailability of NAPAP 
and its analogues may therefore be related to their deficient absorptive properties in the 
intestines. 

20 The present invention provides a solution to the deficient pharmacological properties of the 
NAPAP-like compounds, in particular with respect to the toxicity and the deficient absorptive 
properties. 

Preferred serine protease inhibitors of the invention have the formula (I), comprising the group 
25 Q; compounds of this type show improved transepithelial transport properties (increased 
apparent permeability) in comparison with prior art compounds: 

R 1 - Y-[NR 2 -A-C(0)] n -NR 3 -CHR 4 -C(0>R 5 (I) 
wherein R 1 is (l-8C)alkyl, (6-14C)aryl-(l-8C)alkenyl, (6-14C)aryl-(l-8C)alkanoyl, (6-14C)aryl, 
(7-15C)aralkyl, bisaryl, heteroaryl, heteroaralkyl(l-8C)alkyI, heterocycloalkyl, cycloalkyl or 
30 cycloalkyl substituted alkyl; R 2 is H or (l-8C)alkyl; R 3 is Q when R 4 is H, or R 3 is H or 
(l-8C)alkyl when R 4 is Q; Q is as previously defined; R 5 is OH or OR 6 , R 6 being (l-8C)alkyl, 
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(3-12C)cycloalkyl or (7-15C)araIkyl, or R 5 is NR 7 R 8 , wherein R 7 and R 8 are the same or different 
being H, (l-8C)alkyl> (3-12C)cycloalkyI, (6-14C)aryl, (7-15C)ara!kyi, optionally subtituted with 
(l-8C)alkoxy, C(0)OH or C(0)OR 6 , or R 7 and R 8 together with the nitrogen atom to which they 
are bonded are a nonaromatic (4-8)membered ring optionally containing another heteroatom, 
5 which ring may be condensed with another optionally aromatic ring and may be subtituted with 
OH, an oxo group, (l-8C)alkyl, optionally substituted with one or more halogens or hydroxy 
groups, (2-8C)alkenyl, (l-8C)alkylidene, (2-8C)alkynyl, ( 1 -8C)alkoxy, (l-8C)acyl, (6-14C)aryl, 
C(0)OH, C(0)OR 6 , C(0)NR 9 R 10 , wherein R 9 and R 10 are the same or different being H or 
(l-8C)alkyl, or S0 2 R n and R M is (l-8C)alkyl optionally substituted by one or more fluorine 

10 atoms; Y is S0 2 or C(O); A is CHR 12 , R 12 being H, phenyl, benzyl, (l-8C)a!kyl, optionally 
substituted with OH or COR 13 wherein R 13 is OH, (l-8C)alkoxy, morpholino, morphoIino(l- 
8C)alkoxy, NH 2 , NHR 14 or NR ,4 R 15 , R M and R 15 being independently (l-8C)alkyl optionally 
substituted with C(0)OR 2 or R 14 and R 15 are a nonaromatic (4-8)membered ring together with 
the nitrogen atom to which they are bonded, or R 12 together with R 3 is -(CH 2 ) S - when R 4 is Q, s 

15 being 2, 3 or 4, or A is NR 2 ; 

and n is 0 or 1; or a pharmaceutical^ acceptable salt thereof. 

Related thrombin inhibitors are disclosed in WO 92/16549 and WO 92/08709, wherein 
respectively para- and meta- substituted phenylalanine derivatives are described having an 

20 amidino, guanidino, oxamidino, aminomethyl or amino substituent. However, compounds with 
the amidino substituent show unfavourable pharmacological properties, whereas the other 
structures, with a modified amidino moiety, display a loss of activity (vide supra). Other 
modifications are described in EP 555824 where compounds are disclosed having a 
benzimidazolyl group, which compounds do not contain a primary amino functionality. 

25 Thrombin inhibitors having a benzamidine moiety have also been modified in other parts of the 
molecule, however, without improvement of the unfavourable pharmacological properties caused 
by the amidino substituent. Examples hereof are disclosed in EP 508220, wherein the compounds 
contain an azaglycyl group instead of the glycyl group of NAP AP; in DE 4 1 1 5468, wherein that 
glycyl group is replaced e.g. by an aspartyl group; in WO 94/18185, wherein no glycyl group is 

30 present in the compounds and the piperidine group which is present in NAPAP is replaced by a 
piperazide group; in WO 95/13274, wherein the compounds also do not have a glycyl group and 
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modifications are made - in comparison with NAPAP - in the arylsulfonyl part and the piperidine 
part of the molecule; and in EP 236163, wherein Na-alkyI substituted amidinophenylalanin 
derivatives are described. Furthermore, Sturzebecher, J. et al. (Thrombosis Research 54, 245- 
252, 1989) suggest that the alkylene linkage connecting the benzamidine moiety to the rest of the 
5 molecule may have a length of 1-3 methylene groups. 

Therefore, there is a still need for serine protease inhibitors, especially thrombin inhibitors, with 
more favourable pharmacological properties, such as the inhibitors of the present invention which 
potentially have good oral bioavailability. 

10 Preferred compounds of formula (I) are compounds wherein R 1 is phenyl, naphthyl, 
(iso)quinolinyl, tetrahydro(iso)quinolinyl, 3,4-dihydro-lH-isoquinolinyl, 2,3,4,5-tetrahydro-lH- 
benzo[d]azepinyl, 2,3-dihydro-5H-benzo[f)[l,4]oxazepinyI, dibenzofiiranyl, chromanyl, bisaryl, 
each aryl being a 5- or 6-membered ring and optionally containing a O, S or N-atom, which 
groups R 1 may optionally be substituted with one or more substituents selected from (l-8C)alkyl, 

15 (l-8C)alkoxy the alkyl group of which may be optionally substituted with an alkoxy group or an 
alkoxyalkyl group, phenyl-(l-8C)alkyl, tetrahydropyranyloxy, tetrahydropyranyloxy(l-8C)alkyl 
or NR I5 R 16 , in which R 13 and R 16 are independently selected from H and (l-8C)alkyl, or R 1 is 
(l-8C)alkyl substituted with a (5-8C)cycloalkyl, (7- 1 OQbicycloalkyl or (10-16C)polycycloalkyl, 
optionally substituted with a group selected from oxo or (l-8C)alkyl; R 3 is H or (l-8C)alkyl; R 4 

20 is Q; R 5 is (l-8C)alkoxy, NR 7 R 8 , wherein R 7 and R 8 are the same or different being H, 
(l-8C)alkyl, (3-12C)cycloalkyl, optionally substituted with (l-8C)alkoxy or COOR 6 , or R 5 is a 
group of the formula 




wherein the interrupted line represents an optional bond, B being CR 17 when the optional bond is 
25 present, or B is CHR 17 , R 17 being H, (l-8C)alkyl, optionally substituted with one or more 
halogens or hydroxy groups, (2-8C)alkenyl, (2-8C)alkynyl, (l-8C)acyl, or (l-8C)alkoxy, or B is 
O, S, or NR 18 , R ,s being (l-8C)alkyl, (l-8C)acyl, C^NR 9 ^ 0 or S0 2 -(l-8C)alkyl optionally 
substituted by one or more fluorine atoms. 
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More preferred compounds of formula (I) are compounds wherein R 2 and R 3 are H and Q is 




\ / 

5 and B is CH 2 or CH(l-8C)alkyl. 

Preferred groups R 1 are phenyl, naphthyl, tetrahydroisoquinolinyl, 3,4-dihydro-lH-isoquinolinyl, 
2,3,4,5-tetrahydro-lH-benzo[d]azepinyl, 2,3-dihydro-5H-benzo[f][l,4]oxazepinyl, which groups 
R 1 may optionally be substituted with one or more substituents selected from (l-8C)alkyl, 
10 (l-8C)alkoxy the alkyl group of which may be optionally substituted with an alkoxy group or an 
alkoxyalkyl group, phenyl-(l-8C)alkyl, tetrahydropyranyloxy, tetrahydropyranyloxy(l-8C)alkyl 
or NR 13 R 16 . In compounds with these preferred R 1 groups, Y is preferably S0 2 . 



When R 4 is 

\ 



15 




n preferably has the value 1. Preferably A is CH(l-8C)alkyl substituted with COR 13 wherein R 13 
is OH, (l-8C)alkoxy, morpholino, morpholino(l-8C)alkoxy, NHR 14 or NR U R 15 , R u and R 15 
being independently (l-8C)alkyl, or A is CHR 12 , R 12 being -(CH 2 ),- together with R 3 when R 4 is 
Q, s being 2 or 3. 
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Other preferred compounds are compounds wherein n is 0 and R 4 is 




H 2 N 



X being as previously defined. 



5 Most preferred are the compounds according to formula (I) wherein R is 

CH 3 




n is 1, R 2 is H, A is CHCH 2 C(0)Oa CHCH 2 C(0)0(l-8C)alkyl, CHCH 2 C(0)morpholine, 
CHCH 2 C(0)0(l-8C)alky!ene-morpholine, CHCH 2 C(0)NHR 14 or CHCH 2 C(0)NR ,4 R 15 , R 14 and 
R 15 being independently (l-8C)alkyl, R* is H, R 4 is 




1Q H 2 N N 

and R 5 is 



or the compounds according to formula (I) wherein R 1 is selected from 
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H 3 C) 2 HCN 




H 3 C) 2 HCN 




and 



n is 0, R 3 is H, K A is 




N t X being as previously defined, 



5 and R is 



N CHCH 3 



In the description of the compounds of formula (I) the following definitions are used. 

The term (l-8C)alkyl means a branched or unbranched alkyl group having 1-8 carbon atoms, for 

10 example methyl, ethyl, propyl isopropyl, butyl, sec-butyl, tert -butyl, hexyl and octyl. The term 
(2-8C)alkenyl means a branched or unbranched alkenyl group having 2 to 8 carbon atoms, such 
as ethenyl, 2-butenyl, etc.. The term (l-8C)alkylene means a branched or unbranched alkylene 
group having 1 to 8 carbon atoms, such as -(CH 2 )*- wherein a is 1 to 8, -CH(CH3)-, 
-CH(CH 3 )-CH 2 -, etc.. The term (l-8C)alkylidene means a branched or unbranched alkylidene 

15 group having 1-8 carbon atoms, such as methylene and ethylidene. The term (2-8C)alkynyl 
means a branched or unbranched alkynyl group having 2-8 carbon atoms, such as ethynyl and 
propynyl. The term (3-12C)cycloalkyl means a mono- or bicycloalkyl group having 3-12 carbon 
atoms, being cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclo-octyl, the 
camphor group, etc.. A preferred cycloalkyl group in the definition of R 1 is the camphor group. 

20 The term (l-8C)alkoxy means an alkoxy group having 1-8 carbon atoms, the alkyl moiety having 
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the meaning as previously defined. The term (l-8C)acyl means an acyl group having 1-8 carbon 
atoms, the alky) moiety having the meaning as previously defined. Formyl and acetyl are 
preferred acyl groups. The term (l-8)alkanoyl means an oxo-alkyl group, the alkyl moiety having 
the meaning as previously defined. 

5 The term (6-14C)aryl means an aromatic hydrocarbon group having 6 to 14 carbon atoms, such 
as phenyl, naphthyl, tetrahydronaphthyl, indenyl, which may optinally be substituted with one or 
more substituents such as -but not limited to- alkyl, alkoxy, the alkyl group of which may be 
optionally substituted with an alkoxy group or an alkoxyalkyl group (e.g the substituent groups 
-0-(CH 2 )2-OCH 3 or -0-CH(CH 2 OCH 3 )2), tetrahydropyranyloxy, tetrahydropyranyloxymethyl, 

10 acyl, alkylthio, hydroxyalkyl, haloalkyl, carboxy, carboxyalkyl, carboalkoxy, hydroxy, halogen, 
trifluoromethyl, trifluoromethylcarbonyl, nitro, cyano, amino, dialkylamino, alkylsulfinyl and/or 
alkylsulfonyl (in the relevant cases alkyl is meant to be (l-8C)alkyl). 
Preferred aryl groups are 



15 The term (7-15C)aralkyl means an aralkyl group having 7 to 15 carbon atoms, wherein the alkyl 
group is a (l-8C)alkyl group and the aryl group is a (6-14C)aryl as previously defined. Phenyl- 
(l-8C)alkyl groups are preferred aralkyl groups, such as benzyl. 

The term heteroaryl means a substituted or unsubstituted aromatic group having 4 to 12 carbon 
atoms, at least including one heteroatom selected from N, O, and S, like imidazolyl, thienyl, 
20 benzthienyl, quinolinyl, isoquinolinyl, tetrahydroquinolinyl, tetrahydroisoquinolinyl, indolyl, 
dibenzofiiranyl, chromanyl, 





CH 3 



CH3 
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R = H, alkyl, acyl,SO^Ikyl, aralkyl 



5 The substituents on the heteroaryl group may be selected from the group of substituents listed 
for the aryl group. 

Heteroaralkyl groups are analogs of the (7-15C)aralkyl groups, at least including one heteroatom 
selected from N, O, and S, 

The term bisaryl in the definition of R 1 means two independently chosen aryl or heteroaryl 
10 groups according to the definitions of the term aryl and heteroaryl, connected to each other by a 
bond or by a short bridge, having a length of one or two atoms, such as CH 2 , N 2 or S0 2 , 
optionally substituted with a substituent as listed for the aryl group. Examples of bisaryls are 
biphenyl, 



15 
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The term cycloalkyl substituted alkyl in the definition of R 1 means an alkyl group, preferably 
having 1-8 carbon atoms, carrying a mono-, bi- or polycycloalkyl group, preferably having 5-8, 
7-10 and 10-16 carbon atoms, respectively, which cycloalkyl group may optionally be substituted 
with an oxo group and/or a substituent as listed for the aryl group. 
5 The term heterocycloalkyl means an optionally substituted cycloalkyl group, preferably having 4 
or 5 carbon atoms, further containing one heteroatom selected from O, S or N, such as 
tetrahydrofiiran and tetrahydropyran. The substituents on the hetercycloalkyl group may be 
selected from the group of substituents listed for the aryl group. 

The term nonaromatic (4-8)membered ring in the definition of NR 7 R 8 , where R 7 and R 8 together 
10 with the nitrogen atom to which they are bonded are a ring, means a ring containing the nitrogen 
atom and further having at most 3-7 carbon atoms, which ring may contain unsaturated bonds. 
Examples of such (4-8)membered rings are azetidine, pyrrolidine, piperidine, piperazine 
morpholine and thiomorphoiine. 

15 In the development of synthetic inhibitors of serine proteases, and more specifically of thrombin, 
the interest in small synthetic peptides that are recognized by proteolytic enzymes in a manner 
similar to that of natural substrates, has increased. As a result, new peptide-like inhibitors have 
been prepared, such as the transition state inhibitors of thrombin and the low molecular weight 
thrombin inhibitor Inogatran (Thromb. Haemostas. 1995, 73:1325 (Abs. 1633); WO 93/11152 

20 (Example 67)), which has been disclosed to be a potent and selective thrombin inhibitor. Related 
compounds are described in WO 95/23609; in comparison with Inogatran and its analogs, 
compounds disclosed in this patent application have an aromatic group in the agmatine-like 
group. Although these developments already have lead to new and meaningful insights, the 
search for more effective and more selective, and in particular orally applicable, thrombin 

25 inhibitors still proceeds. 

Thus, other preferred serine protease inhibitors of the invention are small synthetic peptides 
comprising the group Q, and have the formula (XX) 

J-D-E-N(R'V-Q (XX) 
30 in which formula Q is as previously defined; (R') 1 is H or (l-4C)alkyl; J is H, optionally 
substituted D,L a-hydroxyacetyl, (R') 2 , (R') 2 -0-C(0)-, (R') 2 -C(0)-, (R') 2 -S0 2 -, 
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(R') 7 OOC-(CH(R')VS0 2 -, 



(R') 7 OOC-(CH(R')V, 



(R') 3 2 NCO-(CH(R') 3 ) p -, 



Het-CO-CCHtR*) 3 )?-, or an N-protecting group, wherein (R*) 2 is selected from (l-12C)alkyl, (2- 
12C)alkenyl, (2-12C)alkynyl and (3-12C)cycloalkyl, which groups may optionally be substituted 
with (3-12C)cycloalkyl, (l-6C)alkoxy, oxo, OH, COOH, CF 3 or halogen, and from (6-14C)aryl, 
5 (7-15C)aralkyl and (8-16)aralkenyl, the aryl groups of which may optionally be substituted with 
(l-6C)alkyl, (3-12C)cycloalkyl, (l-6C)alkoxy, OH, COOH, CF 3 or halogen; each group (R*) 3 is 
independently H or has the same meaning as (R') 2 ; (R') ? has the same meaning as (R') 3 or is 
Het-(l-6C)alkyl or Het-(2-6C)alkynyl; and Het is a 4-, 5- or 6-membered heterocycle containing 
one or more heteroatoms selected from O, N or S; p is 1, 2 or 3; D is a bond, an amino-acid of 

10 the formula -NH-CH[(CH 2 ) q C(0)OH]-C(0)- or an ester derivative thereof and q being 0, 1, 2 or 
3, -N((l-12C)alkyl)-CH 2 -CO-, -N((2-12C)alkenyl)-CH 2 -CO-, -N((2-12C)alkynyl)-CH 2 -CO-, 
-N(benzyl)-CH 2 -CO-, D-l-Tiq, D-3-Tiq, D-Atc, Aic, D-I-Piq, D-3-Piq or a L- or D-amino acid 
having a hydrophobic, basic or neutral side chain, which amino acid may optionally be 
N-(l-6C)alkyl substituted; or J and D together are the residue (R , ) 4 (R , ) s N-CH(R , ) 6 -C(0)-, 

15 wherein (R*) 4 and (R*) 5 independently are (R 1 ) 2 , (R*) 2 -0-C(0)-, (R y ) 2 -C(0)- 9 (R 1 ) 2 -S0 2 -> 
(R'^OOC-CCHCR'^Jp-SO^, (R , ) 7 OOC-(CH(R , ) 3 )p-, H 2 NCO-(CH(R')V. or ™ N-protecting 
group, or one of (R*) 4 an d (R') 5 is connected with (R') 6 to form a 5- or 6-membered ring 
together with "N-C" to which they are bound, which ring may be fused with an aliphatic or 
aromatic 6-membered ring; and (R*) 6 is a hydrophobic, basic or neutral side chain; E is an L- 

20 amino acid with a hydrophobic side chain, serine, threonine, a cyclic amino acid optionally 
containing an additional heteroatom selected from N, O or S, and optionally substituted with 
(l-6C)alkyl, (l-6C)alkoxy, benzyloxy or oxo, or E is -N(R') 3 -CH 2 -C(0)- or the fragment 



-NH-CH 





O 



or 



O 



wherein t is 2, 3, or 4, and W is CH or N, 



25 or E-N(R') 1 taken together form the fragment 



XCH2)u 
/ \ 
-NH-CH N- 




, wherein u is 1, 2 or 3; or a prodrug thereof. 
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Preferred compounds of formula (XX) are those wherein E is an L-amino acid with a 
hydrophobic side chain, serine, threonine or -N(R') 3 -CH 2 -C(0)- or wherein E-N(R') 1 taken 
together form the fragment 

^(CH2) U ^ 
-NH-CH N- 



Other preferred compounds have the formula (XX), wherein J is as previously defined; D is a 
bond, an amino-acid of the formula -NH-CH[(CH 2 ) q C(0)OH]-C(0)- or an ester derivative 
thereof and q being 0, 1, 2 or 3, -N((l-6C)alkyl)-CH 2 -CO-, -N((2-6C)aikenyl)-CH 2 -CO-, 

10 -N(benzyl)-CH 2 -CO-, D-l-Tiq, D-3-Tiq, D-Atc, Aic, D-l-Piq, D-3-Piq or a D-amino acid having 
a hydrophobic side chain, which amino acid may optionally be N-( I -6C)alkyl substituted; 
or J and D together are the residue (R0\R^ 5 N-CH(R*) 6 -C(O)-; and E is a cyclic amino acid 
optionally containing an additional heteroatom selected from N, O or S, and optionally 
substituted with (1-6C)alkyl, (l-6C)alkoxy, benzyloxy or oxo, or E is -N(R') 3 -CH 2 -C(0)- or the 

15 fragment 



-NH-CH N-CH2-C(0)- 

— z v ' -NH- 1 ^ N-CH2-C(0)- 




r r 

■V N - c 



or 



More preferred compounds of formula (XX) are those wherein J is H, 2-hydroxy-3-cyclohexyl- 
propionyl-, 9-hydroxy-fluorene-9-carboxyl, (R*) 2 , (R') 2 -S0 2 -, (R^OOC^CH^'jVSCV, 

20 (R , ) 7 OOC-(CH(R , ) 3 ) p -, (R') 3 2 N-CO-(CH(R') 3 ) p -, Het-CO-(CH(R') 3 ) p - wherein Het contains as a 
heteroatom at least a nitrogen atom which is bound to CO, or an N-protecting group, wherein 
(R*) 2 is selected from (l-12C)alkyl, (2-12C)alkenyl, (6-14C)aryl, (7-15C)aralkyl and 
(8-16)araIkenyl which groups may optionally be substituted (l-6C)alkoxy; each group (R') 3 is 
independently H or has the same meaning as (R') 2 i (R') 7 has the same meaning as (R') 3 or is 

25 morpholino-(l-6C)alkyl or morpholino-(2-6C)alkynyl; D is a bond, D-l-Tiq, D-3-Tiq, D-Atc, 
Aic, D-l-Piq, D-3-Piq or a D-amino acid having a hydrophobic side chain, which amino acid may 
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optionally be N-(l-6C)alkyI substituted; or J and D together are the residue (R , ) 4 (R') $ N- 
CH(R') 6 -C(0)-. 

Most preferred are the compounds of formula (XX) wherein J is H, (R , ) 2 -S0 2 -, 
(R') 7 OOC-(CH(R , ) 3 ) p -, (R*)^N-CO-(CH(R')V 



c 



or > / ; D is a bond, D-l-Tiq, D-3-Tiq, D-Atc, 

Aic, D-1-Piq r D-3-Piq or a D-amino acid having a hydrophobic side chain; or J and D together 
are the residue (R 1 ) 4 (R , ) ? N-CH{R , ) 6 -C(0)- 1 wherein at least one of (R') 4 and (R') s is 
(R') 7 OOC-(CH(R') 3 ) p - or (R') 2 -S0 2 - and the other independently is (l-12C)alkyI> ( 2 " 
1 2C)alkenyl, (2- i 2C)alkynyI, (3- 1 2C)cycloalkyl, (7- 1 5C)aralkyl, (R') 2 -S0 2 - or 
(R') 7 OOC-(CH(R') 3 ) P -, and (R') 6 is a hydrophobic side chain. 

Preferably, the group Q in the compounds of formula (XX) has one of the structures: 
CEfc 





H^' W or N * , wherein X is O or S. 

Like the compounds of formula (I), the compounds of formula (XX) have an anticoagulant effect 
and are useful for treating and preventing thrombin-mediated and thrombin-associated diseases, 
applicable as herein before described. 

In the description of the compounds of the formula (XX), the following definitions are used. 
The term optionally substituted D,L ot-hydroxyacetyl means a group of the formula 
HO-CR a R b -C(0)-, wherein R* and R b independently are H, a hydrophobic side chain, or R a and 
R b together form a 5- or 6-membered ring, which is optionally fused with one or two aliphatic or 
aromatic 6-membered rings, and which 5- or 6-membered ring consists of carbon atoms and 
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optionally one heteroatom selected from N, O and S. Preferred D,L oc-hydroxyacetyl groups are 
2-hydroxy-3 -cyclohexyl-propionyl- and 9-hydroxy-fluorene-9-carboxy 1 . 

The term (l-12C)a!kyl means a branched or unbranched alkyl group having 1 to 12 carbon 
atoms, such as methyl, ethyl, t-butyl, isopentyl, heptyl, dodecyl, and the like. Preferred alkyl 
5 groups are (l-6C)alkyl groups, having 1-6 carbon atoms. 

A (2-12C)alkenyl group is a branched or unbranched unsaturated hydrocarbon group having 2 to 
12 carbon atoms. Preferred are (2-6C)alkenyl groups. Examples are ethenyl, propenyl, allyl, and 
the like. 

The term (l-6C)alkylene means a branched or unbranched alkylene group having 1 to 6 carbon 
10 atoms, such as -(CH 2 )/>- and b is I to 6, -CH(CH 3 )-, -CH(CH 3 )-(CH 2 )-, etc. 

A (2-12C)alkynyl group is a branched or unbranched hydrocarbon group containing a triple bond 
and having 2 to 12 carbon atoms. Preferred are (2-6C)alkynyl groups, such as ethynyl and 
propynyl. 

A (6-14C)aryl group is an aromatic moiety of 6 to 14 carbon atoms. The aryl group may further 
15 contain one or more hetero atoms, such as N, S, or O, also referred to as heteroaryl groups. 
Examples of aryl groups are phenyl, naphthyl, (iso)quinolyl, indanyl, and the like. Most preferred 
is the phenyl group. 

(7-15C)Aralkyl and (8-16C)aralkenyl groups are alkyl and alkenyl groups respectively, 
substituted by one or more aryl groups, the total number of carbon atoms being 7 to 1 5 and 8 to 
20 16, respectively. 

The term (l-6C)alkoxy means an alkoxy group having 1-6 carbon atoms, the alkyl moiety of 
which having the meaning as previously defined. 

The term (3-12C)cycloalkyl means a mono- or bicycloalkyl group having 3-12 carbon atoms, 
being cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclo-octyl, the camphor 
25 group, etc.. Cyclopentyl and cyclohexyl are preferred cycloalkyl groups. 
The term halogen means fluorine, chlorine, bromine or iodine. 

The term ester derivative means any appropriate ester derivative, preferably (l-4C)alky!-esters, 
such as methyl-, ethyl- or t-butyl-esters. 

The terms 1- and 3-Tiq mean 1,2,3,4-tetrahydroisoquinoline-l- and -3-carboxylic acid, 
30 respectively; 1- and 3-Piq are perhydroisoquinoline-1- and -3-carboxylic acid, respectively; Ate is 
2-aminotetralin-2-carboxylic acid; Aic is amino indane carboxylic acid; Phe is phenylalanine; Cha 
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is cyclohexylalanine; Dpa is diphenylalanine; Coa is cyclooctylalanine; Chg is cyclohexylglycine; 
Nle is norleucine; Asp is aspartic acid. 

The term hydrophobic side chain means a (l-12C)a!kyl, optionally substituted with one or more 
(3-12C)cycIoalkyl groups or (6-14C)aryl groups (which may contain a heteroatom, e.g. nitrogen) 
5 such as cyclohexyl, cyclo-octyl, phenyl, pyridinyl, naphthyl, tetrahydronaphthyl, and the like, 
which hydrophobic side chain may optionally be substituted with substituents such as halogen, 
trifluoromethyl, lower alkyl (for instance methyl or ethyl), lower alkoxy (for instance methoxy), 
phenyloxy, benzyloxy, and the like. 

In the definitions, the term substituted in general means: substituted by one or more substituent. 
10 Amino acids having a basic side chain are for example, but not limited to, arginine and lysine, 
preferably arginine. The term amino acids having a neutral side chain refers to amino acids such 
as methionine sulphon and the like. 

Cyclic amino acids are for example 2-azetidine carboxylic acid, proline, pipecolic acid, 1-amino- 
l-carboxy-(3-8C)cycloalkane (preferably 4C, 5C or 6C), 4-piperidine carboxylic acid, 
15 4-thiazolidine carboxylic acid, 3,4-dehydro-proline, azaproline, 2-octahydroindole carboxylic 
acid, and the like. Preferred are 2-azetidine carboxylic acid, proline, pipecolic acid, 4-thiazolidine 
carboxylic acid, 3,4-dehydro-proline and 2-octahydroindole carboxylic acid. 

Also preferred serine protease inhibitors of the present invention are compounds of the formula 
20 (XXX): 

T— (CH2) r -K 

(xxx) 

in which formula Q is as previously defined; r is an integer of 0 to 4; (R") 1 is a hydrogen atom, a 
carboxyl group, an alkoxycarbonyl group, a carboxyalkyl group, an alkoxycarbonylalkyl group, a 
carboxyalkoxy group or an alkoxycarbonylalkoxy group; (R") 2 is a hydrogen atom, a hydroxyl 
25 group, a lower alkyl group or a lower alkoxy group; M is an alkylene group having a carbon 
number of 1 to 4, which may have 1 or 2 substituents selected from the group consisting of 
hydroxyalkyl, carboxyl, alkoxycarbonyl, carboxyalkyl and alkoxycarbonylalkyl; T is a single 
bond, an oxygen atom, a sulfur atom or a carbonyl group; K is a saturated or unsaturated 5- or 
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6-membered heterocyclic moiety or cyclic hydrocarbon moiety optionally having a substituent 
group, an amino group optionally having a substituent group or an aminoalkyl group optionally 
having a substituent group. 

5 Related compounds are known for instance from EP 0,540,051. According to the present 
invention the compounds of EP 0,540,051 are altered by replacing the aromatic group carrying 
the amidine substituent by the group Q, thus improving in particular the absorptive properties of 
the compounds, such as examples having the structure: 



Like the compounds of the structures (I) and (XX), the compounds of structure (XXX) show a 
strong anticoagulant effect and are applicable as herein described. 

In the compounds of the present invention represented by general formula (XXX), any straight 
15 chain, branched chain or cyclic alky) group having 1 to 6 carbon atoms may be used as the lower 
alkyl group. Illustrative examples include methyl, ethyl, propyl, isopropyl, butyl, sec- or tert- 
butyl, pentyl, hexyl, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and the like. The lower 
alkoxy group may have 1 to 6 carbon atoms. Illustrative examples include methoxy, ethoxy, 
propoxy, isopropoxy, butoxy, sec- or tert-butoxy and the like. The alkoxycarbonyl, carboxyalkyl, 
20 alkoxycarbonylkalkyl, carboxyalkoxy, alkoxycarbonylalkoxy and hydroxyalkyl groups preferably 
have 1 to 6 carbon atoms, more preferably 1 to 4 carbon atoms, respectively. Illustrative 
examples of the alkoxycarbonyl group include methoxycarbonyl, ethoxycarbonyl, 
propoxycarbonyl, butoxycarbonyl and the like. Illustrative examples of the carboxyalkyl group 
include carboxymethyl, carboxyethyl, carboxypropyl and the like. Illustrative examples of the 
25 alkoxycarbonylalkyl group include methoxycarbonylmethyl, ethoxycarbonylmethyl, 
propoxycarbonylmethyl, methoxycarbonylethyl, ethoxycarbonylethyl, methoxycarbonylpropyl, 
ethoxycarbonylpropyl and the like. Illustrative examples of the carboxylalkoxy group include 
carboxymethoxy, carboxyethoxy, carboxypropoxy and the like. Illustrative examples of the 
alkoxycarbonylalkoxy group include methoxycarbonylmethoxy, ethoxycarbonylmethoxy, 



NH 




10 
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propoxycarbonylmethoxy, methoxycarbonylethoxy, ethoxycarbonylethoxy and the like. 
Illustrative examples of the hydroxyalkyl group include hydroxymethyl, hydroxyethyl, 
hydroxypropyl, hydroxybutyl and the like. The saturated or unsaturated 5- or 6-membered 
heterocyclic moiety may contain preferably one or two hetero-atom(s) selected from nitrogen 

5 and oxygen atoms. Illustrative examples of such a preferred type of heterocyclic rings include 
pyrrolidine, piperidine, imidazoline, piperazine, tetrahydrofuran, hexahydropyrimidine, pyrrole, 
imidazole, pyrazine, pyrrolidinone, piperidinone, morpholine and the like. More preferable are 
pyrrolidine and piperidine which contain one nitrogen atom as the hetero-atom. Illustrative 
examples of the saturated or unsaturated cyclic hydrocarbon moiety include cyclopentyl, 

10 cyclohexyl and the like. Illustrative examples of the aminoalkyl group include aminomethyl, 
aminoethyl, aminopropyl and the like. Illustrative examples of the substituents applicable to these 
heterocyclic moieties and cyclic hydrocarbon moieties include preferably lower alkyl, lower 
alkanoyl, carbamoyl, mono- or dialkylcarbamoyl, formimidoyl, alkanoimidoyl, benzimidoyl, 
carboxyl, alkoxycarbonylimino and the like, more preferably formimidoyl and alkanoimidoyl 

15 groups. Illustrative examples of the substituents applicable to these amino groups and amino 
moieties of aminoalkyl groups include preferably lower alkyl, pyradinyl, pyrrolidinyl, carbamoyl, 
mono- or dialkylcarbamoyl, lower alkanoyl, formimidoyl, alkanoimidoyl, benzimidoyl, 
alkoxycarbonyl and the like, more preferably pyrazinyi, pyrrolidinyl, formimidoyl, alkanoimidoyl 
groups. In this instance, each of the alkyl, alkoxy, alkanoyl and the like listed above may 

20 preferably have a carbon number of from 1 to 6. 

Other preferred serine protease inhibitors of the present invention are compounds of the formula 



(XL): 



(R' M ) 




N 

1 2 

(R"T 



(XL), 
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in which formula (R"') 1 and (R"') 2 are independently H, lower alkyl, aryl, heteroaryl, cycloalkyl 
or lower alkyl substituted by one or more substituents selected from CONH 2 , COO-(lower 
alkyl), aryl, heteroaryl and cycloalkyl; or (R"') 2 is lower alkanoy!; (R"') 3 is H, COOH, CONH 2 , 
COO-(lower alkyl), CONH-(Iower alkyl) or CON(lower alkyl) 2 ; (R"') 4 » (R"') S and (R"*) 6 are 

5 independently H, lower alkyl, aryl, aralkyl or cycloalkyl; or (R"*) 4 and/or one of (R"') 5 and (R"') 6 
is heteroaryl or lower alkyl substituted with OH, S0 2 H, SO3H, guanidino, aryl-(lower alkoxy), 
lower alkoxy or lower alkylthio; or (R"') 2 together with (R"') 4 forms a tri- or tetramethylene 
group, in which (a) a methylene group may be replaced by S, SO or S0 2 or may be substituted 
with OH, lower alkyl, lower alkenyl or carboxy-(lower alkyl) or (b) one of the methylene groups 

10 may be substituted with lower alkenyl and the other with (lower alkyl)-COOH; and at least one 
of (R"')\ (R' 1 ') 2 , (R"*) 4 , (R"') 5 and (R"') 6 is the group of formula Q, Q having the previously 
defined meaning. 

Related compounds are known from EP 0,728,758. The present invention is an improvement in 
the art when compared to these known compounds because of the presence of the specific group 
15 Q for introducing the favourable properties as herein before described. 

Like the compounds of the structures (I), (XX) and (XXX), the compounds of structure (XL) 
show anticoagulant activity and are applicable as herein described. The compounds of structure 
(XL) display this effect in particular through their specific thrombin- and FXa-inhibiting activity. 

20 

In the description of compounds of formula (XL) the term "lower" means a branched or 
unbranched group having 1-6 C-atoms. Preferred lower alkyl or lower alkanoyl groups contain 
up to 4 C-atoms, e.g. methyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, and acetyl, 
respectively. "Aryl" alone or in combination means groups like phenyl, which may be substituted, 

25 for instance with amidino, guanidino, hydroxyamidino, nitro, amino or rnethylenedioxy. "Aralkyl" 
means an aryl bound to a lower alkyl, e.g. a benzyl group, substituted in the phenyl ring, or 
phenylethyl. "Cycloalkyl" means saturated groups having 3-7 C-atoms, like cyclohexyl. 
"Heteroaryl" means 5- to 10 membered aromatic groups, which may consist of two rings, and 
contain one (or more) N-atom(s) and may be substituted, e.g. by one or more NH 2 -groups. An 

30 example is chinazolinyl, such as 2,4-diaminochinazolin-6- or 7-yl. Examples of groups having 
amino, guanidino or N-hydroxyamidino substituents are amino-substituted chinazolinyl and 
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(amino, amidino, guanidino or N-hydroxyamidino)-substituted phenyl, benzyl and lower alkyl 
groups. 

Further preferred compounds according to the invention are the GpIIb/IIIa antagonists of the 

5 formula (L): 

Q - [spacer] - COOH (L), 
wherein Q has the previously defined meaning; the distance between the amino substituted 
carbon atom of the group Q and the carbon atom of the carboxylate moiety has a length of 
12-18 A; the spacer is any suitable chemical moiety; and the carboxylate group may be esterified. 

10 The compounds of structure (L) show anticoagulant effect and are applicable as herein 
described. 

From literature it is known, that a large group of spacers are suitable for the above purpose, 
provided that the length thereof is restricted (see Bioorg. & Med. Chemistry Letters, 7(2) . 209- 

15 212, (1997), and references cited therein). Examples of compounds of formula (L) are derived 
from the following known compounds, in which the benzamidine moiety has been replaced by the 
group Q (but not limited to these examples): the compounds Ro 43-8857 (J. Med. Chem. 35, 
4393 (1992)), Ro 44-9883, Ro 48-3657, Fradafiban, BIBL 12, FK-633, GR 144053, EMD 76 
334, SR 121566, SB 208651, SC 54684, SC 54701, SC 52012, DMP 754, GPI 562 and 

20 compounds described in EP 529,858, WO 96/20172, EP 496,378, EP 530,505, Bioorg. & Med. 
Chem. 3, 539 (1995), WO 93/08174 and J.Am.Chem.Soc. Hi, 8861 (1993). This replacement 
by the group Q in the above compounds results in an improvement of the pharmacological 
properties of the compounds, in particular of the absorptive properties in the intestines, as herein 
described. 

25 

Preferred compounds of formula (L) have the formula (La): 

Q-C(0)-N(R" ,, ) , -U-C(R ,, ") 1 (R" n ) 2 -V (La), 
wherein Q has the previously defined meaning; (R"") 1 is independently H or (l-4C)alkyl; U is a 
bond, CH(R"") ! ; (R"") 2 is (l-I2C)alkyK (2-12C)alkenyi, (2-12C)alkynyl, (3-8C)cycloalkyl, 
30 (6-14C)aryl, (7-15C)aralkyl or (8-16)aralkenyl, which may optionally be substituted with 
(l-6C)alkyl, (3-8C)cycloalkyl, (l-6C)alkoxy, OH, COOH, CF* or halogen;V is a 5-, 6-, or 7- 
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membered saturated, unsaturated or aromatic ring which may optionally contain one or more 
heteroatoms selected from O, N or S and which ring is substituted with one or two substituents 
selected from -(CH^-COOCR"") 1 and -O-(CH 2 )v-CO0(R"")\ v being 1, 2, 3 or 4. 
More preferred compounds of formula (La) are those wherein m is 0; U is a bond; (R"") 2 is 
5 (l-4C)alkyl, phenyl or benzyl, which may optionally be substituted with OH or halogen and V is 
phenyl, piperidinyl, piperazinyl or thiazolyl, substituted with one substituent selected from -CH 2 - 
COOCR"") 1 and -0-CH 2 -COO(R"") 1 . 

Other preferred compounds of the formula (L) have the formula (Lb) 

10 Q.Z I -C(0)-N(R"") 3 -Z 2 -[C(0)] r CH(R"") 4 -(CH 2 ) z -COO(R"") 3 (Lb) 

wherein Q has the previously defined meaning; Z 1 is a bond, C=C or C=C; (R"") 3 is H or 
(l-4C)a!kyl; Z 2 is selected from 



(R"") 4 is H, (l-12C)alkyl, (2-l2C)alkenyl, (2-l2C)alkynyl, (3-8C)cycloalkyl, (6-14C)aryl, 
15 (7-15C)aralkyl or (8-16)aralkenyl, which may optionally be substituted with (l-6C)alkyl, 
(3-8C)cycloalkyl, (l-6C)alkoxy, OH, COOH, CF 3 or halogen; y is 0 or 1 and z is 0 or 1. 

More preferred are the compounds of formula (Lb) wherein Z 1 is C=C; Z 2 is 








20 (R"") 4 isH;yis 1 andzisO. 



Other preferred compounds of the formula (L) have the formula (Lc) 

Q-N(H)-C(0)-F-C(0)-N(R' ' ' ') 5 -(CH 2 )rN(R' * 1 ^^CH.COOH (Lc), 
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wherein Q has the previously defined meaning; 

(R"") 5 is independently H, (l-4C)alkyl or benzyl or both (R"") 5 groups are an ethylene bridge 
to form a 6- or 7-membered ring together with N-(CH 2 ) U -N to which they are bound; 
F is C=C, or 1,2-, 1,3- or 1 ,4-phenylene, or l,2-(4-5C)heteroarylene, 2,3-naphthylene or 
5 l,2-(5-7C)cycloalkylene, which groups may optionally be substituted with (l-4C)alkyl; 
andfis2or3. 

The terms used in the definitions of the compounds of formula (L), (La), (Lb) and (Lc) have the 
same meaning as those used for the compounds of formula (XX). 

10 

The present invention further relates to the finding that also in other therapeutic compounds the 
presence of the group Q gives rise to an improved pharmacological profile. Especially when Q is 
used to replace a basic moiety in compounds of which is known that they require such a moiety 
for their therapeutic activity, an improvement of the absorptive properties is observed, in 
15 particular when that basic moiety is a (hetero)arylguanidino or (hetero)arylamidino moiety. 
Preferred therapeutic compounds of the invention have an apparent Caco-2 permeability of 8 
nm/s or higher. Preferably the group Q has the formula 

I 

m(H 2 C) 



H 2 N 

m being as previously defined. 

20 

The compounds of the invention may be used in a broad range of therapeutic applications which 
require oral administration of a drug or wherein oral administration thereof is considered 
favourable, such as in particular (but not limited to) CNS-active compounds, compounds useful 
for treating immunological disorders, antithrombotic agents, and the like. Preferred compounds 
25 of the present invention are antithrombotic agents. 
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The term "therapeutic compound" as used herein means any compound which can be used in 
therapy, which implies the curing of a disease or malfunction of the body and which covers 
prophylactic treatment. 

5 

Compounds of the present invention wherein Q has the formula 




is O or S; 



10 X' being independently CH or N; and m is 0, I, 2 or 3; 

can be prepared using suitable starting compounds and methods as described in the literature e.g. 
4-amino-6-chloroquinazoline and 4-amino-7-chloroquinazoline as described by A. Rosowsky and 
N. Papathanasopoulos in J. Heterocycl. Chem. 9, 1235 (1972); 4-aminothieno[2,3d]pyridazine or 
7-aminothieno[2,3d]pyridazine by M. Robba, B. Roques and Y. Le Guen in Bull. Soc. Chim. 

15 France 4220, (1967); 4-aminothieno[2,3d]pyrimidine by M. Robba, J.-M. Lecompte and M. 
Cugnon de Sevricourt in Bull. Soc. Chim. France 592, (1975); 4-aminothieno[3,2d]pyrimidine by 
M. Robba, J.-M. Lecompte and M. Cugnon de Sevricourt in Tetrahedron 27, 487, (1971); 4- 
amino-6-bromothieno[2,3d]pyrimidine by M. Robba, J.-M. Lecompte and M. Cugnon de 
Sevricourt in Bull. Soc. Chim. France 761, (1976); 4-amino-6-bromoquinazoline by M.F.G. 

20 Stevens and A. Kreutzberger in Angew. Chem. 81, 84, (1969). 

The compounds of the present invention wherein Q has the formula 
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H 2 N- 

N- 

wherein m is 0, 1 , 2 or 3 and X is CH=CH, O or S, 
can be prepared using compounds of formula (II). 
H / Halogen 

f\ X 

(II) 

5 A suitable method starts from a compound of formula (III) (wherein the halogen atom, if 
present, preferably is Br), the hydroxy group of which is chlorinated, e.g. by treatment with 
POCIj, to give the compound of formula (IV), followed by conversion into the amino analogue 
of formula (II) , for example by first converting the chloro-substituent into a phenoxy-substituent 
by reaction with phenol under alkaline conditions, and subsequently treatment with ammonium 
10 acetate, or by direct conversion of the chloro-compound into the corresponding amino- 
compound by heating the former with ammonia under pressure. 

H / Halogen H / Halogen 

f\ X f\ X 





N — ' (HI) N — y (iv) 

The compound of formula (IV) in this sequence, wherein X is CH=CH and the halogen is Br, 
may also be prepared by converting the corresponding unsubstituted compound into the N-oxide 
15 salt, e.g. with a peracid, such as m-chloroperbenzoic acid, followed by HC1 treatment, and 
subsequently reacting this N-oxide salt with a chlorinating reagent, like POCI3. 
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Compounds according to formula (I) can be prepared by deprotection of the following 
compound (e.g. by saponification) 



R 1 -Y-[NR 2 -A-C(0)]„-NR 3 -CHR 4 -C(0)-O.G > 



wherein G e.g. is an alkyl or benzyl group, followed by coupling with R 5 -H, 
5 or they can be prepared by deprotection of the compound 



Pg-NR 3 -CHR 4 -C(0)R 5 , 

wherein Pg is an N-protecting group, followed by coupling with one of the groups 
R ! -Y-NR 2 -A-C(0)-OH, R ! -Y-Lg or R l -C(0)-OH, wherein Lg is a leaving group. 

10 Compounds of formula (I) wherein R 4 is Q may be prepared starting with a compound of 



or a derivative thereof wherein the amino group at the aromatic group (arylamino) is protected, 
wherein X and R 3 have the previously defined meanings. The carboxylic acid group of a 
15 compound of formula (V) is esterified, e.g. by treatment with R 6 OH and thionyl chloride, 
wherein R 6 has the previously defined meaning, to form a compound of formula (VI), or an 
arylamino protected derivative thereof. 



formula (V), 



H 2 N-^ J 




H 2 N^ J 




(VI) 
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A compound of formula (VI) is converted into a compound of formula (la), being the compound 
of formula (I) wherein R 5 is OR 6 , or an arylamino protected derivative thereof, either by coupling 
to" R 1 YLg (Lg is a leaving group) (n = 0), for example by reaction with R ! YC1 under basic 
conditions, e.g. by using triethylamine, or by peptide coupling with R , YNR 2 AC(0)OH (n = 1) or 
5 R l C(0)OH (n= 0) using as a coupling reagent for example N,N-dicyclohexylcarbodiimide 
(DCCI) and 1-hydroxybenzotriazole (HOBT) or 2-(lH-benzotriazol-l-yl)-l,l,3,3« 
tetramethyluronium tetrafluoroborate (TBTU), wherein R 1 , R 2 , Y, n and A have the previously 
defined meanings. The protective group, if present, may optionally be removed. 



10 The ester group of a compound of formula (la) or an arylamino protected derivative thereof may 
be saponified to form the corresponding acid, after which the protective group, if present, may 
optionally be removed. The acid formed from a compound of formula (la) may be coupled to an 
amine of formula HNR 7 R 8 , wherein R 7 and R 8 have the previously defined meanings, for example 
by using DCCI/HOBT or TBTU, followed by removal of the optionally present protective group, 

15 to give a compound of formula (lb), which is the compound of formula (I), wherein R 5 is NR 7 R 8 . 



An alternative procedure for the preparation of a compound of formula (lb) starts with the 
protection of the N-terminus of a compound of formula (V) with an N-protecting group Pg, such 
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as Boc (te/7-butoxycarbonyl), forming a compound of formula (VII), where also the arylamino 
group may be protected. 

R 3 




(VII) 



Subsequently, a compound of formula (VII) is coupled to an amine of formula HNR 7 R 8 
5 according to the procedure as described above for the conversion of a compound of formula (la) 
into (lb), after which the N-terminus is deprotected, followed by a coupling to R l YLg (n = 0), or 
by peptide coupling with R 1 YNR 2 AC(0)OH (n = 1) or R'C^OH (n = 0) according to the 
procedures as described above for the conversion of a compound of formula (VI) into a 
compound of formula (la), followed by removal of the optionally present protective group, 
1 0 giving the compound of formula (lb). 

A suitable process for the preparation of the compound of formula (V) is the conversion of a 
compound of formula (VIII), wherein Pg is an N-protecting group and Lg is a leaving group, 
such as the mesyl group, into a compound of formula (IX), for example by reaction with an 

15 appropriate amino acid derivative of the general formula PgR 3 N-CH[C(0)OR]2 in the presence 
of a base, e.g. [[(l,l-dimethylethoxy)carbonyl]amino] propanediol acid diethyl ester in the 
presence of sodium ethoxide, wherein Pg and R 3 have the previously defined meanings and both 
Pg-groups may be the same or different, and R is a branched or unbranched (l-8C)alkyl group, 
such as ethyl. (If here R 3 is H, the amino group may be alkylated later in the procedure according 

20 to methods well known in the art to form compounds wherein R 3 is alkyl.) Hydrolysis and 
decarboxylation of a compound of formula (IX) gives a compound of formula (V). 
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R 3 




Lg 



PgHN-^ i 
N — ^ 



(vni) 



PgHN-^ 
N 



(IX) 



The compound according to formula (VIII) may be prepared by methods known in the art. The 



5 which the ring wherein X is located is provided with a formyl substituent either by treatment with 
a base, like lithium diisopropylamide, or with an organometallic reagent, like n-butyllithium, 
followed by addition of N,N-dimethylformamide, forming a compound of formula (X). (For 
compounds wherein m is 2 or 3, appropriate analogues of a compound of formula (X) may be 
prepared by this method which subsequently may be converted according the procedures as 

10 described for the conversion of a compound of formula (X).) 



The compound of formula (X) is reduced, e.g. using sodium borohydride, into the corresponding 
alcohol, which then is converted into a leaving group, e.g. an appropriate sulfonate group, 
thereby forming a compound of formula (VIII). 



Compounds of formula (X) are suitable intermediates for the preparation of compounds of 
formula (I) wherein R 3 is Q. In those preparations a compound of formula (X) is reacted with an 
appropriate amino acid derivative of the general formula NH 2 -CHR 4 -C(0)OR, R 4 and R having 
the previously defined meanings. The resulting imine is either directly converted into a compound 
20 of formula (XI) by reduction, using e.g. sodium cyanoborohydride, or isolated and subsequently 



arylamino group of a compound of formula (II) is protected with an N-protecting group, after 



PgHN-^ J 




(X) 



15 
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reduced with an suitable reducing agent like sodium borohydride to form a compound of formula 
(XI). 

An alternative procedure for the preparation of a compound of formula (XI) starts from a 
compound of formula (VIII) by substitution of Lg by an appropriate amino acid derivative of the 
general formula NH 2 -CHR 4 -C(0)OR. 

C(0)OR 

R 4 




(XI) 

Compounds of formula (XI) are then converted into compounds of formula (Ic), the compounds 
of formula (I) wherein R 3 is Q and R 5 is OR 6 , by a procedure analogous to the preparation of 
compounds of formula (la) from compounds of formula (VI) followed by removal of the 
10 protective group. 

R ! Y[NR 2 AC(0)l n ^ NI / C(0)0R 




PgHN^ h 

N— J (ic) 
From compounds of formula (Ic) compounds of formula (Id) are prepared, which are the 
compounds of formula (I), wherein R 3 is Q and R 5 is NR 7 R 8 , following the procedure as 
described for the conversion of (la) into (lb). 



WO 98/47876 



32 



PCT/EP98/02455 



l 2 
RW[NR 2 AC(0)] n - n _< 

/ R 4 



(0)NR 7 R 8 




PgHN- 

N— * (id) 
Alternatively, a compound of formula (Id) may be obtained after protection of the N-terminus of 
(XI) with an N-protecting group Pg, such as Boc, both protecting groups in the molecule being 
the same or different, and saponification of the ester group to give intermediate (XII), and 
further derivatization as described for the conversion of a compound of formula (VTI) into a 
compound of formula (lb). 

C(0)OH 
* R 4 




(xn) 



Compounds of formula (I) wherein R 12 together with R 3 is -(CH 2 ) S - can be prepared from amines 
10 of formula (VI) wherein R 3 is hydrogen and the arylamino is optionally protected. Reaction of 
these amines with aldehydes of formula Pg(R 2 )NCH((CH 2 ) ( ^ I) CHO)COOG, wherein Pg is a N- 
protecting group and R 2 , s and G have the previously defined meanings, gives imides which are 
reduced using e.g. sodium cyanoborohydride to give cyclic compounds of formula (XIII). After 
removal of the N-protecting group Pg the moiety R*Y can be introduced as described for the 
15 conversion of compounds of formula (VI) into compounds of formula (la). The group OR 6 can 
be modified in the same way as described for the conversion of compounds of formula (la) into 
compounds of formula (lb) and removal of protecting groups if present gives compounds of 
formula (Ie). Furthermore, compounds of formula (Ie) and (XIII) can be prepared using the 
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methods described by H. Mack et al. in J. Enzyme Inhibition 9, 73 (1995), wherein instead of the 
cyanophenyl building blocks used in the literature, building blocks containing moiety Q or a 
arylamino protected derivative thereof (e.g. compounds of formula (VI)) can be used. 
(CH 2 ) 8 (CH 2 ) 8 

f \ P9 ^ C %^ N \ 

| || ^C(0)OR 6 

R ° \^ 





5 (Ie) (XIII) 

Compounds of formula (XX) can be prepared from compounds of formula (X). Reaction of a 
compound of formula (X) with an amine of formula (R'VNHj gives an imide, which is either 
directly converted into a compound of formula (XXI) by reduction, using e.g. sodium cyano 
10 borohydride, or is isolated and subsequently reduced with a suitable agent like sodium 
borohydride to form a compound of formula (XXI), wherein (R') 1 has the previously defined 
meanings. 




15 

Alternatively a compound of formula (X) is reduced, using e.g. sodium borohydride, into the 
coresponding alcohol which then is converted into an azide using the method described by A.S. 
Thompson et al. in J. Org. Chem. 58, 5886 (1993). This azide can be reduced into an amine 
using reagents known in the art such as Pd / CaC0 3 catalyzed hydrogenation to yield a 
20 compound of formula (XXI) in which (R')' is hydrogen. 
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A compound of formula (XXI), or a derivative thereof wherein the arylamino is not protected, 
can be coupled with carboxylate compounds of formula J-D-E-OH, in which J, D and E have the 
previously defined meanings, or a protected derivative thereof, using peptide coupling methods. 
Subsequent removal of the optionally present protective groups gives compounds of formula 



Compounds of formula (XXa) can be prepared by reaction of amines of formula (XXI), wherein 
(R*) 1 is hydrogen with aldehydes of formula PgHNCH((CH 2 ) ( u-i>CHO)COOG, wherein Pg is a N- 
protecting group and u and G have the previously defined meanings, using the method described 
for compounds of formula (Ie). 



Compounds of formula (XXX) may be prepared in several ways in which the synthetic 
connection of moiety Q and the substituted phenyl part is made in moiety M The method 
15 described in EP 0540051 may be used to prepare componds of formula (XXX) starting with 
compounds of formula (VIII). 

Compounds of formula (XL) can be prepared by reaction of a compound of formula (XLI) with 
a compound of formula (XLII) and a compound of formula (XLIII), wherein (R*")\ (R"*) 2 » . 
20 (R'") 5 , and (R"') 6 have the previously defined meanings according to the methods described in 
EP 0728758. When (R'") 1 or (R'") 2 is the group of formula Q , compounds of formula (II), 
(VIII) or (X) or an arylamino protected derivative thereof can be used to prepare compounds of 
formula (XLI) or (XLII). When (R"*) 4 is the group of formula Q amino acids of formula (VI) or 
an arylamino protected derivative thereof can be used as starting materials. When (R*") 5 or 



5 (XX). 



10 




(GH 2 ) U 
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(R"*) 6 is the group of formula Q, compounds of formula (X) or an arylamino protected 
derivative thereof can be used as a starting material, being aldehydes of formula (XLHI), or used 
to'prepare ketones of formula (XLHI). 




5 (XLI) (XLII) (XLHI) 



Compounds of formula (L) can be prepared using methods known in the art described for Gp 
Ilb/IHa receptor antagonists containing a (hetero)arylamidine moiety instead of moiety Q. 
Compounds of formula (La) can conveniently be prepared from compounds of formula (X). An 

10 aldehyde of formula (X) is oxidized, using e.g. sodium chlorite, into the corresponding carboxylic 
acid. This carboxylic acid, or a derivative thereof wherein at the arylamino is not protected, can 
be coupled with an amine linker of formula HN(R" ,, ) L U-(R ,,,, ) 1 (R , " , ) 2 -V or a N-protected 
derivative thereof, wherein (R"") 1 * U, (R"") 2 -and V have the previously defined meanings, 
using peptide coupling methods (e.g. using the amines and methods described in J. Med. Chem. 

15 35, 4393 (1992), EP 0,505,868 or J. Med. Chem. 39, 3193 (1996)). Subsequent removal of the 
optionally present protective groups gives compounds of formula (La). Using a similar peptide 
coupling conditions a linker molecule having one free carboxylate can also be coupled with 
compound of formula (XXI), or a derivative thereof wherein the arylamino is not protected. 
Subsequent removal of the optionally present protective groups gives compounds of formula (L). 

20 Also halogen containing compounds of formula (II) can be used as starting material. The linker 
molecule can be attached using Pd mediated reactions such as Suzuki coupling, Heck reaction, or 
first transmetalation, using e.g. n-BuLi, and secondly reaction with a linker molecule containing 
an electrophilic function. Subsequent removal of the optionally present protective groups gives 
compounds of formula (L). For instance, Heck reaction of a halogen containing compound of 

25 formula (II) and an acrylic acid derivative leads to compounds of formula (Lb). An alternative 
method for the preparation of compounds of formula (Lb) is a condensation reaction of 
aldehydes of formula (X) with a malonic acid derivative. Modification of this malonic acid 
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derivative using methods known in the art and subsequent removal of optionally present 
protecting groups yields compounds of formula (Lb). 

Compounds of the invention can also be prepared using a solid phase synthesis strategy. To 

5 prepare componds of formula (la) the carboxylic acid of the compounds of formula (VII) can be 
covalently attached to a polymeric support such as a polystyrene-resin using a ester or amide 
bond as anchoring bond. In this case protection of the arylamino function is preferred. For 
example anchoring using a ester bond to the Kaiser oxime resin, Boc-protection of the N- 
terminus and acetyl amide protection of the arylamino group. The N-terminus protecting group 

10 can be removed selectively followed by coupling to R ! YLg (n = 0), or by peptide coupling with 
R l C(0)OH (n = 0), Pg 2 NR 2 AC(0)OH (n = 1) or R 1 YNR 2 AC(0)OH (n = 1) according to the 
procedures described above for the conversion of compounds of formula (VI) into compounds of 
formula (la). Protecting group Pg 2 is a protecting group that can be removed selectively. 
Removal of Pg 2 liberates the N-terminus which can be coupled with R 1 YLg (n = 0), or with 

15 R'C^OH (n = 0) by peptide coupling methods according to the procedures described above for 
the conversion of compounds of formula (VI) into compounds of formula (la). Cleavage of the 
anchoring bond and removal of protecting groups, if present, gives compounds of formula (la) 
or (lb) depending on the type of anchoring bond and way of cleavage used. For example 
cleavage of the anchoring ester bond to the Kaiser oxime resin with amines of type HNR 7 R 8 

20 followed by removal of the optionally present protective groups yields compounds of formula 
(lb). 

The solid phase synthesis strategy outlined above starting from compounds of formula (VII) can 
also be applied using the carboxylic acid of compounds of formula (XII) to yield compounds of 
formula (Ic) or (Id). Further, this strategy can be applied to carboxylic acids of formula 
25 J-D-E-OH - in which J, D, and E have the previously defined meanings a synthetic precursor 
thereof or a protected derivative thereof Cleavage of the anchoring bond to the Kaiser oxime 
resin using amines of formula (XXI) yields compounds of formula (XX) after removal of the 
optionally present protecting group. 

Alternatively, the arylamino functionality of moiety Q can be used to be covalently attached to a 
30 polymeric support using e.g. a carbamate functionality as method of anchoring and used in a 
solid phase synthesis. 
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Several solid-phase synthesis strategies especially in the solid-phase synthesis of peptides are 
known in the art. An overview of solid-phase peptide synthesis is given by P.Lloyd-Williams, F. 
Albericio and E. Giralt in Tetrahedron 48, 1 1065 - 1 1 133 (1993). 

5 The peptide coupling, as mentioned as a procedural step in the above described method to 
prepare the compounds of the invention, can be carried out by methods commonly known in the 
art for the coupling - or condensation - of peptide fragments such as by the azide method, mixed 
anhydride method, activated ester method, or, preferably, by the carbodiimide method, especially 
with the addition of catalytic and racemisation suppressing compounds like N-hydroxy- 

10 succinimide and N-hydroxybenzotriazoIe. An overview is given in The Peptides. Analysis. 
Synthesis. Biology . Vol 3, E. Gross and J. Meienhofer, eds. (Academic Press, New York, 1981). 

The term N-protecting group as used in this whole document means a group commonly used in 
peptide chemistry for the protection of an a-amino group, like the /e/7-butyloxycarbonyl (Boc) 

15 group, the benzyloxycarbonyl (Z) group, the 9-fluorenylmethyloxycarbonyl (Fmoc) group or the 
phthaloyl (Phth) group. Removal of the protecting groups can take place in different ways, 
depending on the nature of those protecting groups. Usually deprotection takes place under 
acidic conditions and in the presence of scavengers. An overview of amino protecting groups and 
methods for their removal is given in the above mentioned The Peptides. Analysis. Synthesis. 

20 Biology . Vol 3. 

Suitable leaving groups (Lg) are known in the art, for example from A.L. Ternay: Contemporary 
Organic Chemistry (2 nd ed., W.B. Saunders Company, 1979, see pages 158 and 170-172). 
Preferred leaving groups are chloride, mesylate and tosylate. 

25 

The compounds of the invention, which can occur in the form of a free base, may be isolated 
from the reaction mixture in the form of a pharmaceutically acceptable salt. The pharmaceutically 
acceptable salts may also be obtained by treating the free base of formula I with an organic or 
inorganic acid such as HCI, HBr, HI, H 2 S0 4 , H3PO4, acetic acid, propionic acid, glycolic acid, 
30 maleic acid, malonic acid, methanesulphonic acid, fumaric acid, succinic acid, tartaric acid, citric 
acid, benzoic acid, ascorbic acid and the like. 
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The compounds of this invention may possess one or more chiral carbon atoms, and may 
therefore be obtained as a pure enantiomer, or as a mixture of enantiomers, or as a mixture 
containing diastereomers. Methods for obtaining the pure enantiomers are well known in the art, 
e.g. crystallization of salts which are obtained from optically active acids and the racemic 
5 mixture, or chromatography using chiral columns. 

The compounds of the invention may be administered enterally or parenterally. The exact dose 
and regimen of these compounds and compositions thereof will neccessarily be dependent upon 
the needs of the individual subject to whom the medicament is being administered, the degree of 
10 affliction or need and the judgment of the medical practitioner. In general parenteral 
administration requires lower dosages than other methods of administration which are more 
dependent upon absorption. However, the daily dosages are for humans preferably 0.001-100 mg 
per kg body weight, more preferably 0.01-10 mg per kg body weight. 

The medicament manufactured with the compounds of this invention may also be used as 
15 adjuvant in acute anticoagulant therapy. In such a case, the medicament is administered with 
other compounds useful in treating such disease states. 

The compounds may also be used with implantable pharmaceutical devices such as those 
described in US Patent 4,767,628, the contents of which are incorporated by this reference. Then 
the device will contain sufficient amounts of compound to slowly release the compound (e.g. for 

20 more than a month). 

Mixed with pharmaceutical^ suitable auxiliaries, e.g. as described in the standard reference, 
Gennaro et al., Remington's Pharmaceutical Sciences, (18th ed., Mack Publishing Company, 
1990, see especially Part 8: Pharmaceutical Preparations and Their Manufacture) the compounds 
may be compressed into solid dosage units, such as pills, tablets, or be processed into capsules or 

25 suppositories. By means of pharmaceutical^ suitable liquids the compounds can also be applied 
in the form of a solution, suspension, emulsion, e.g. for use as an injection preparation, or as a 
spray, e.g. for use as a nasal spray. 

For making dosage units, e.g. tablets, the use of conventional additives such as fillers, colorants, 
polymeric binders and the like is contemplated. In general any pharmaceutical^ acceptable 
30 additive which does not interfere with the function of the active compounds can be used. 
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Suitable carriers with which the compositions can be administered include lactose, starch, 
cellulose derivatives and the like, or mixtures thereof, used in suitable amounts. 

5 The invention is further illustrated by the following examples. 
EXAMPLES 

Melting points were measured on a Biichi 535 and are uncorrected. The *H NMR measurements 
10 were performed on BRUKER AC 200, BRUKER AM 360 and BRUKER DRX 400 
spectrophotometers operating at a ! H frequency of 200, 360 and 400 MHz respectively. The l9 F 
measurements were performed on a BRUKER AC 200 spectrophotometer operating at a ,9 F 
frequency of 188 MHz. 

15 6-Aiq: [[(l-amino-6-isoquinolinyl)methyI]amino] 

Atp: [[(4-aminothieno[3,2c]pyridin-2-yl)methyl]amino] 

Azt: azetidine-2-carboxylate 

Boc: t-butyloxycarbonyl 

Cha: cyclohexyialanyl 
20 Gly: glycyl 

Phe: phenylalanyl 

Pro: prolyl 

TFA: trifluoroacetic acid 
25 Example 1. 

3^1-flmino-6-isoauinolinvlV2-tl2-lf2-nanhthalenvlsu1fonvnaminol acetvllamSno 
acid methvl ester hydrochloride (lk) 

la. 6-Bromoisoquinoline N-oxide hydrochloride 
30 To a stirred solution of 13.2 g of 6-bromoisoquinoline (Tyson, F.L., J. Am. Chem. Soc. 61, 183 
(1939)) in 250 mL of dichloromethane at room temperature was added in portions 16.2 g of 
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m-chloroperbenzoic acid (purity 70%). After stirring the mixture for one hour 200 mL of 
methanol was added and the bulk was reduced to 150 mL. A hydrogen chloride solution in 
methanol (100 mL, 0.75 M) was added and after slightly heating a clear solution was obtained. 
Diethylether (250 mL) was added to this solution and cooled in an ice bath. The hydrochloride 
5 salt precipitated and was isolated by filtration to give 15 g of la. M.p. 194 - 196°C. 

lb. 6-Bromo-l-chloroisoquinoline 

70 mL of phosphorylchloride were added to 14.9 g of la and the mixture was heated at 90°C for 
2 hours. Excess of phosphorylchloride was evaporated, water was added, followed by aqueous 
10 2N NaOH until pH 9 and the mixture was extracted with dichloromethane. The dichloromethane 
extract was washed with brine, dried (MgSOa) and concentrated. The residue was 
chromatographed on silica gel (toluene / ethyl acetate = 4/1) giving 10.1 g of lb. M.p. = 102.7- 
103.7°C. 

15 lc 6-Bromo- 1 -phenoxviso quinoline 

A mixture of 10 g of lb, 31 g of phenol and 4 g of KOH was heated at 140°C for 2 hours. After 
cooling to room temperature aqueous 3N NaOH was added and the mixture was extracted with 
dichloromethane. The dichloromethane extract was washed with aqueous 2N NaOH, washed 
with water, dried (MgS0 4 ) and concentrated to yield 12.2 g of lc. 'H-NMR 200MHz (CDC1 3 ) 5: 

20 7.1 - 7.6 (6H, m), 7.70 (1H, dd, J = 9Hz and J - 2Hz), 7.95 - 8.10 (2H, m), 8.31 (1H, d, J - 
9Hz). 

Id. 1 -Amino-6-bromoisoquinoline 

A mixture of 12 g of lc and 27 g of ammonium acetate was heated at 150°C for 14 hours. After 
25 cooling to room temperature aqueous 3N NaOH was added and the mixture was extracted with 
ethyl acetate. The ethyl acetate extract was washed with brine and aqueous 2N hydrochloric acid 
was added until pH2-3. The acid aqueous layer was separated, made basic (pHIO) with aqueous 
2N NaOH and extracted with ethyl acetate. The ethyl acetate layer was washed with brine, dried 
(MgS0 4 ) and concentrated to give 6.4 g of Id. 'H-NMR 200MHz (CDC1 3 ) 5: 5.1 (2H, br s), 
30 6.96 (1H, dd, J - 6Hz and J = 1Hz), 7.54 - 7.70 (2H, m), 7.88 (1H, d, J = 2 Hz), 7.98 (1H, d, J 
= 6Hz). 
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le. N-(6-bromo-1- isoquinolinvnbenzamide 

7.0 g of benzoic anhydride was added to a solution of 6.38 g of Id in 70 mL of pyridine at room 
temperature and the solution was heated at 125°C for 1 hour. The pyridine was evaporated and 
water and dichloromethane were added. The organic layer was separated, washed with water, 
5 dried (MgS04) and concentrated. The crude product was dissolved in dichloromethane and 
diethyl ether was added to give an amorphous solid that was isolated by filtration (yield 7.84 g). 
The filtrate was chromatographed on a silica gel column (dichloromethane / methanol : 95 / 5) 
giving an additional 1 .0 g of le. 'H-NMR 200MHz (CDC1 3 ) 5: 6.90 (lH,d, J = 6Hz), 7.35 - 8.48 
(9H, m), 8.87(1 H, d, J = 9Hz). 

10 

If. N-f 6-formvl- 1 -isoquinolinvObenzamide 

To a stirred solution of 29 mL of n-BuLi (1.6 M in hexane) in 40 mL of dry tetrahydrofuran 
under a nitrogen atmosphere at -78°C was added dropwise a solution of 2.5 g of le in 60 mL of 
dry tetrahydrofuran over a period of 15 min. After stirring for 30 min a mixture of 34 mL of 

15 N,N-dimethylformamide and 20 mL of tetrahydrofuran was added fast. The cooling bath was 
removed, the reaction mixture was allowed to come to 0°C and was poured into ice cold aqueous 
hydrochloric acid (60 mL, 0.5 N). The mixture was adjusted to pH 6, brine was added and the 
mixture was extracted with ethyl acetate. The ethyl acetate extract was dried (MgS0 4 ) and 
concentrated under reduced pressure. Purification on silica gel (toluene / ethyl acetate : 3 / 1) 

20 gave 1.3 g of aldehyde If. 'H-NMR 200MHz (CDC1 3 ) 5: 7.12 (1H, d, J = 7Hz). 7.40 - 8.51 (9H, 
m), 9.26 (1H, d, J = 8Hz), 10.23 (1H, s). 

lg. N-f6-(hvdroxvmethyn- 1 -isoquinolinvObenzamide 

To a stirred suspension of 1.23 g of If in 40 mL of tetrahydrofuran and 15 mL of methanol was 
25 added 217 mg sodium borohydride in small portions. After stirring the mixture at ambient 
temperature for 5 min, 50 mL of water was added and tetrahydrofuran and methanol were 
removed in vacuo. Brine was added and the mixture was extracted with ethyl acetate. The ethyl 
acetate extract was dried (MgSC^) and concentrated under reduced pressure giving 1.27 g of lg. 
'H-NMR 200MHz (CDCb) 8: 4.75 (2H, s), 6.95 (1H, br.s), 7.30 - 7.55 (7H, m), 8.25 - 8.38 
30 (2H,m), 8.69 (1H, br.s). 
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lh. [p~(benzovlamino>6-isoquinoli^ 
dioic acid diethyl ester 

TO a stirred suspension of 1.27 g of lg in 30 mL of dichloromethane at 0°C was added 1.23 mL 
of triethylamine and 0.69 mL of methane sulfonylchloride and the mixture was allowed to warm 

5 to room temperature. After stirring for 2 hours, 40 mL of tetrahydrofuran and 1.22 g of lithium 
chloride were added and the suspension was stirred for 16 hours at room temperature. Brine was 
added and the organic layer was separated. The aqueous layer was extracted with 
dichloromethane. The combined organic layers were dried over magnesium sulfate and 
concentrated under reduced pressure keeping the temperature below 30 °C. The residue was 

10 coevaporated with toluene under reduced pressure again keeping the temperature below 30 °C. 
The residue (chloride) was immediately dissolved in 20 mL of dioxane and added to sodium 
malonate reaction mixture A. [This sodium malonate reaction mixture A was obtained by 
addition of 3 g of [[(l,l-dimethylethoxy)carbonyl]amino]propanedioic acid diethyl ester (Paik, 
Y.H., Dowd, P., J. Org. Chem. 51, 2910 - 2913 (1986)) in 10 mL of dioxane to a solution of 

15 sodium ethoxide (10 mmol) in 10 mL of dioxane and 30 mL of ethanol, stirring for 10 min at 
room temperature and subsequently addition of 0.5 g of sodium iodide.] After addition of the 
crude chloride the reaction mixture was stirred at 80°C for two hours. After cooling to room 
temperature water was added, the mixture was neutralized with aqueous IN hydrochloric acid 
and extracted with ethyl acetate. The organic layer was dried (MgS0 4 ) and concentrated under 

20 reduced pressure. The residue was chromatographed on silica gel (toluene / ethyl acetate : 5 / 1) 
giving 1.45 g of I h. 1H-NMR 200MHz (CDCb) 5: 1.31 (6H, t), 1.51 (9H, s), 3.83 (2H, s), 4.18 
- 4.39 (4H, m), 5.77 (1H, s), 6.92 (1H, d, J - 7Hz), 7.30 - 7.56 (6H, m), 8.41 - 8.49 (2H, m), 
8.92 (1H, d, J = 9Hz). 

25 U. 2-Amino-3-n-amino-6MSOQuinormvDpropionic acid dihvdrochloride 

15 mL of acetic acid and 30 mL of a solution of 6N hydrochloric acid were added to 1.34 g of 
lh and heated at 100°C for 16 h. After cooling to room temperature the aqueous solution was 
extracted twice with diethyl ether. The aqueous phase was concentrated under reduced pressure 
giving 0.79 g of amino acid 1L ! H-NMR 200MHz (D 2 0) 5: 3.33 - 3.56 (2H, m), 4.36 (1H, dd, J 

30 - 6.5Hz and J = 7.5Hz), 7. 12 (1H, d, J = 7Hz), 7.46 (1H, d, J = 7Hz), 7.62 (1H, dd, J = 8Hz and 
J = 2 Hz), 7.73 (1H, d, J = 2Hz), 8.18 (1H, d, J = 8Hz). 
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lj. 2-Amino-3>n-amino-6-isoquinolinvnpropionic acid methyl ester dihydrochloride 
1.1 mL of thionyl chloride was added to a cooled solution (ice bath) of 65 mg of amino acid li in 
4 mL of methanol. After stirring at 50°C for 3 hours the mixture was concentrated under reduced 
pressure to give 66 mg of methyl ester lj. The crude product was used without further 
5 purification. l H-NMR 200MHz (CD 3 OD) 5: 3.36 - 3. 59 (2H, m), 3.81 (3H, s), 4.53 (1H, t, J = 
7Hz), 7.23 (IH, d, J = 7Hz), 7.60 (1H, d, J = 7Hz), 7.73 (1H, dd, J - 9Hz and J = 2 Hz), 7.87 
(1H, d, J = 2Hz), 8.47 (1H, d, J = 9Hz). 

Ik. 3^Uamino-6-isoquinolinvlV2>ff2-rf2-naphthalenvlsulfonvnaminolacetvl1amino]propionic 

10 acid methvl ester hydrochloride 

62 mg of lj was coevaporated with N,N-dimethylformamide and 3 mL of N,N-dimethyl- 
formamide, 58 mg of 2-[(2-naphthalenylsu1fonyI)amino]acetic acid (WO 92/16549), and 0.1 mL 
of N-ethylmorpholine (pH of the mixture was 8) were added. The mixture was cooled at 0°C and 
47 mg of 1-hydroxybenzotriazole (HOBt) and 48 mg of N,N-dicyclohexylcarbodiimide (DCC) 

15 were added. After stirring for 16 hours at room temperature the mixture was concentrated in 
vacuo. Water was added, the pH was adjusted to 8-9 and extracted with ethyl acetate. The ethyl 
acetate extract was dried (MgS0 4 ), concentrated and chromatographed on silica gel (ethyl 
acetate / pyridine / acetic acid / water : 81 / 31 / 18/7). The product was dissolved in ethyl 
acetate, washed with water (adjusted to pH 8 - 9), dried (MgS0 4 ) and concentrated to give 43 

20 mg of free base. One equivalent hydrochloric acid was added and lyophilisation (t-butanol / 
water) afforded ik. ! H-NMR 200MHz (CD^OD) 8: 3.09 - 3.41 (2H, m), 3.55 (2H, s), 3.69 (3H, 
s), 4.77 (1H, dd J = 9Hz and J = 5Hz), 7.16 (IH, d, J = 7Hz), 7.48 - 7.83 (6H, m), 7.91 - 8.03 
(3H, m), 8.31 (IH, d, J = 9Hz), 8.38 (1H, d, J = 2Hz). 

25 Example 2. 

N-n-rn-amino-6-isoquinoUnvnme 
sulfonvnaminolacetamide hydrochloride (2b) 

2a. 3-(l-amino-6-isoquinolinvn-2-rr2-[(2-naDhthalenvlsulfonvnamino1acetvl]aminolpropionic 
30 acid hydrochloride 
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0.16 mL of aqueous 2N NaOH was added to a solution of 47 mg of Ik in 1.0 mL of dioxane and 
0.5 mL water. After stirring at room temperature for one hour, the reaction mixture was made 
acidic (pH 2) and extracted with a mixture of n-butanoi and dichloromethane. Evaporation of the 
organic solvents yielded 47 mg of acid 2a. 'H-NMR 200MHz (CDCI 3 / CD 3 OD = 3 / 1) 6: 3.20 
- 3.65 (4H, m), 4.87 (IH, dd, J = 7 Hz and J = 5 Hz), 7.10 (1H, d, J = 7Hz), 7.41 (IH, d, J = 
7Hz), 7,58 - 8.03 (8H, m), 8.29 (1H, d, 7Hz), 8.41 (1H, d, 2Hz) 

2h. N-[l-rn-amino-6-isoquinolinvnmethvll-2^^ 
sulfonvnaminolacetamide hydrochloride 

47 mg of 2a was suspended in 3 mL of N,N-dimethylformamide and concentrated in vacuo. The 
residue was dissolved in 3 mL of N,N-dimethylformarnide and 0.1 1 mL of piperidine and 33 mg 
of 2-(lH-benzotriazol-l-yl)-l,l,3,3-tetramethyluronium tetrafluoroborate was added. When the 
pH of the reaction mixture was not 8-9, the pH was adjusted to 8-9 with N,N-diisopropyl- 
ethylamine. After stirring 16 hours at room temperature the reaction mixture was concentrated in 
vacuo and chromatographed on silica gel (ethyl acetate / pyridine / acetic acid / water : 81 / 31 / 
18/7 v/v/v/v). The product was dissolved in dichloromethane, washed with water (adjusted to 
pH 8 - 9), dried (magnesium sulfate) and concentrated to give 43 mg of free base. The free base 
was dissolved in a t-butanol / water mixture, one equivalent hydrochloric acid was added and 
lyophilisation gave the title compound 2b. 1 H-NMR 200MHz (CD 3 OD) 8: 1.20 - 1.65 (6H, m), 
2.92 - 3.52 (6H, m), 3.54 (2H, s), 5.12 (IH, t, J = 7Hz), 7.17 (1H, d, J = 7Hz), 7.51 - 8.08 (9H, 
m), 8.31 (IH, d, J = 9Hz), 8.41 (1H, d, J = 2Hz). 

Example 3. 

3-r4-aminothienol3.2clnvridin-2^ 
propionic acid methvl ester hydrochloride (30 

3a. 4-Phenoxvthienor3 .2c1pvridine 

Compound 3a was prepared from 4-chlorothieno[3,2c]pyridine (New, J.S. et al., J. Med. Chern. 
32, 1147 - 1156, (1989)) using the procedure described for lc. 'H-NMR 200MHz (CDC1 3 ) 6: 
7.18 - 7.28 (3H, m), 7.38 - 7.50 (4H, m), 7.64 (IH, d, J = 6Hz), 8.97 (IH, d, J = 6Hz). 
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3b. 4-Aminothienof3.2c^pvridine 

The procedure described for Id was used to prepare 3b from 3a but the reaction was performed 
at-155°C for 3 days. 'H-NMR 200MHz (CD 3 OD) 5: 7.16 (1H, d. J - 6Hz), 7.48 (1H, d, J = 
6Hz), 7.55 (1H, d, J = 6Hz), 7.71 (IH, d, J = 6Hz). 

5 

3c N-(thienor3.2c1pvridin-4-vnbenzamide 

The procedure described for le was used to prepare 3c from 3b. 'H-NMR 200MHz (CDCI 3 ) 8: 
7.42 - 7.77 (6H, m), 7.97 - 8.22 (3H, m), 9.12 - 9.22 (1H, m). 

10 3d. N-(2«formvlthieno[3.2clpvridin-4-vnbenzamide 

5.2 mL of nBuLi (1.6 N in hexane) was added to a stirred solution of 0.96 mL of 
diisopropylamine in 8 mL of tetrahydrofiiran under a nitrogen atmosphere at -25°C. After stirring 
for 20 min the solution was cooled to -78°C, a solution of 0.88 g of 3c in 14 mL of 
tetrahydrofuran was added dropwise and the reaction mixture was stirred for 45 min. Then a 

15 mixture of 0.6 mL of N,N-dimethylformamide and 7 mL of tetrahydrofiiran was added. The 
cooling bath was removed, the reaction mixture was allowed to come to room temperature and 
was poured into an ice cold aqueous hydrochloric acid solution (20 mL, 0.5 N). The mixture was 
adjusted to pH 7 and the organic solvents were evaporated. The precipitate formed was isolated 
by filtration and dried. The yield was 0.98 g of aldehyde 3d. ■H-NMR 200MHz (CDC1 3 ) 5: 7.48 - 

20 7.80 (5H, m), 8.02 - 8. 14 (2H, m), 8.30 - 8.38 (2H, m), 10.1 1 (1H, s). 

3e. N>[2-(hvdroxvmethvnthienor3.2clDyridin-4-vl1benzamide 

This compound was prepared from 3d using the procedure described for Ig. l H-NMR 200MHz 
(CDCI3) 5: 4.88 (2H, s), 7.28 (1H, br.s). 7.48 - 7.76 (5H, m), 7.99 - 8.22 (3H, m). 

25 

3f. [[44benzovlamino^thienor3.2c1p^ 
propanedioic acid diethyl ester 

This compound was prepared from 3e using the procedure described for lh. *H-NMR 200MHz 
(CDCI3) 5: 1.28 (6H, t), 1.46 (9H, s), 3.98 (2H, s), 4.18 - 4.38 (4H, m), 7.05 - 8.17 (7H, m), 
30 8.75 (1H, br.s). 
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3g. 2-Amino-3-(4>aminothieno[3.2c1pvridin-2«vnpropionic acid dihvdrochloride 
This compound was prepared from 3f using the procedure described for li. ^-NMR 200MHz 
(D 2 0) 8: 3.57 - 3.80 (2H, m), 4.44 (1H, dd, J - 6Hz and J = 7Hz), 7.45 (1H, d, J = 7Hz), 7.66 
(1H, d, J = 7Hz), 7.85 (lH,s). 

5 

3h. 2-Amino-3-f4>aminothienor3.2clDyridin-2-vl)propionic acid methyl ester dihvdrochloride 
This compound was prepared from 3g using the procedure described for Ij. -H-NMR 200MHz 
(CD 3 OD) 8: 3.65 - 3.72 (2H, m), 3.90 (3H, s), 4.53 (1H, t, J = 6Hz), 7.47 (1H, dd, J = 7Hz and 
J = 2Hz), 7.66 (1H, d, J = 7Hz), 7.82 (1H, br.s). 

10 

3L 3-r4-Aminothienor3.2clpvridin-2-vlV2-rr2»rr2-naphthalenvlsulfonvnamino1acetvl1amino1- 
propionic acid methyl ester hydrochloride 

This compound was prepared from 3h using the procedure described for lk. 'H-hJMR 360MHz 
(CD3OD) 8: 3.32 - 3.56 (2H, m), 3.61 (2H, s), 3.73 (3H, s), 4.75 (1H, dd, J - 8H2 and J = 5Hz), 
15 7.37 (1H, dd, J = 1Hz and J = 7Hz), 7.58 - 7.70 (4H, m), 7.83 (1H, dd, J = 8Hz and J = 2 Hz), 
7.95 - 8.05 (3H, m), 8.42 (1H, d, J = 2Hz). 

Example 4. 

N-ri-f(4-Aminothienol3 < 2c]nvridin-2>vnmethvlN2-oxo-2-(l>DiDeridinvnethvl1>2-r(2> 
20 naphthalenvlsulfonvnaminolacetflmide hydrochloride 

0.06 mL of aqueous 2N NaOH was added to a solution of 20 mg of 3i in 0.25 mL of 
tetrahydrofuran, 0.1 mL of methanol and 0.25 mL of water. After stirring at room temperature 
for one hour the reaction mixture was neutralized and concentrated under reduced pressure. 
Tituration of the residue with a small amount of water, acidified to pH 2 with hydrochloric acid, 

25 gave 3K4-aminothieno[3,2c]pyridin-2-yl)-2-[[2-[(2-naphthalenylsulfonyl)amino]acetyl]arnino] 
propionic acid hydrochloride. This acid was coupled with piperidine using the procedure 
described for 2b. Purification on silica gel (dichloromethane / methanol : 9 / 1), addition of one 
equivalent hydrochloric acid, and lyophilisation (t-butanol / water) gave the title compound 4. 
l H-NMR 360MHz (CD3OD) 8: 1.32 - 1.64 (6H, m),3.10 - 3.53 (6H, m), 3.61 and 3.64 (2H, 

30 ABq, J = 17Hz), 5.08 (1H, t, J = 6Hz), 7.35 (1H, dd, J = 1Hz and J = 7Hz), 7.56 - 7.70 (4H, m), 
7.84 (1H, dd, J - 9Hz and J = 2 Hz), 7.96 - 8.06 (3H, m), 8.43 (1H, d, J = 2Hz). 
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Example 5. 

N-fl-rn-Amino-6-isoauinolinyl)meth^^ 

^^S^S'Dentamethvl-ZH-l-benzopvran^-vnsulfonvllaminolacetainide hydrochloride (5c) 

5 5a. 1 , 1 -Dimethvlethvl 1 -\( 1 -amino-6-isoquinolinvnmethyn-2-oxo-2-f 1 -piperidinvnethvl- 
carbamate 

144 mg of di-t-butyl dicarbonate in 1 mL of methanol was added to a solution of 100 mg of 
amino acid li in 4.5 mL of methanol and 0.5 mL of triethylamine. After stirring for 10 min the 
mixture was concentrated under reduced pressure and coevaporated with toluene. Addition of 
10 methanol gave a precipitate which was collected by filtration. The residue (132 mg) was 
suspended in N,N-dimethylformamide and 0.04 mL of piperidine, 133 mg of 2-(lH-benzotriazol- 

1- yl)-l,l,3,3-tetramethyluronium tetrafluorob orate was added. After stirring for one hour the 
reaction mixture was concentrated under reduced pressure. Purification by column 
chromatography (silica gel, dichloromethane / methanol : 9 / 1) gave 77 mg of 5a. ! H-NMR 

15 200MHz (CDCb) 6: 0.93 - 1.59 (15H, m), 2.95 - 3.55 (6H, m), 4.93, (1H, t, J = 7 Hz), 6.95 
(1H, dd J = 6Hz and J = 2Hz), 7.37 (1H, dd, J = 8Hz and J = 2Hz), 7.41 (1H, d, J = 2Hz), 7,78 - 
7.84 (2H, m). 

5b, [f3.4-dihvdro-2.2.5.7.8-pentamethvl-2H>1>benzopyran-6-vl)sulfonvl]amino1acetic acid 
20 0.33 g of glycine was dissolved in 8.8 mL of aqueous IN sodium hydroxide, a solution of 1.2 g 
of (3 i 4-dihydro-2,2,5 > 7,8-pentamethyl-2H-l-benzopyran-6-yl)suIfonylchloride in 4 mL dioxane 
and 4 mL ether was added and stirred for 16 h. The aqueous solution was acidified to pH 3 with 
hydrochloric acid and extracted twice with ether. The combined organic layers were dried over 
magnesium sulfate and concentrated to give 1.15 g of 5b. 'H-NMR 200MHz (CDC1 3 ) 5: 1.32 
25 (6H, s), 1.82 (2H, t, J = 7 Hz), 2.12 (3H, s ), 2.53 (3H, s), 2.55 (3H, s), 2.64 (2H, t, J = 7 Hz), 
3.77 (2H, s). 

5c. Nj 1 -|Y 1 - Amino-6-isoquinor»nvnmethvl]-2-oxo-2-( 1 -piperidinvnethvl]-2-rf(3.4-dihvdro- 

2- 2.5. 7.8-pentamethvl-2H- 1 -benzopvran-6-vnsulfonvl]amino1acetamide hydrochloride 

30 To 70 mg of 5a in 2 mL of dichloromethane was added 0.01 mL of thioanisol and 0.5 mL of 
trifluoroacetic acid. After stirring for 2 hours at room temperature the reaction mixture was 
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concentrated and coevaporated with water and subsequently with N,N-dimethylformamide. The 
residue and 72 mg of 5b was suspended in 3 mL of N,N-dimethyIformamide and N- 
ethylmorpholine was added until pH 8. The mixture was cooled at 0°C and 45 mg of 
l-hydroxybenzotriazole and 45 mg of N,N-dicyclohexylcart>odiimide were added. After stirring 
5 for 16 hours at room temperature the mixture was concentrated in vacuo. Dichloromethane was 
added to the residue and filtered. The filtrate was purified on silica gel (dichloromethane / 
methanol : 95 / 5) to give the free base. To this free base was added one equivalent hydrochloric 
acid and lyophylisation (t-butanol / water) gave 75 mg of the title compound 5c. 'H-NMR 
200MHz (CDCl 3 ) 6: 1.32 (6H, s), 1.60 - 187 (8H, m), 2.13 (3H, s), 2.56-3.78 (16H, m), 5.28 - 
10 5.38 (1H, m), 7.15-7.21 (2H, m), 7.59 (1H, d, J = 7Hz), 7.75 - 7.86 (2H, m). 

Example 6. 

N-fl>f(l-Amino-6'isoquinolinvnmethvll"2-oxo-2-n-Dineridinvhethvll-2-fl(4> 
methvlphenvDsulfonvllaminolacetamide hydrochloride 

15 The procedure described for 5c was used. Deprotection of 5a and subsequently coupling with 
[[(4-methylphenyl)sulfonyI]amino]acetic acid (McChesney, E.W.and Swann, W.K., J. Am. 
Chem. Soc. 59, 1 1 16 (1937)) yielded the title compound 6. 1 H-NMR 200MHz (CD 3 OD) 5: 1.22 
- 1.68 (6H, m), 2.42 (3H, s), 3.03 - 3.68 (8H, m), 5.21 (1H, dd, J = 6Hz and J = 7Hz), 7.19 (1H, 
d, J = 7Hz), 7.35 - 7.80 (7H, m), 8.32 (1H, d, J = 9Hz). 

20 

Example 7. 

(2SVN-H-l(l-amino-6-isoauinolinvnmethvll«2-oxo-2-fl-pineridinvnethvll-3-hvdroxv-2- 
f(2-naphthalenvlsulfonvnaminolDropanamide hydrochloride 

The procedure described for 5c was used. Deprotection of 5a and coupling with (2S)-3-hydroxy- 
25 2-[(2-naphthalenylsulfonyl)amino]propanoic acid (prepared from L-serine and 2- 
naphthalenylsulfonylchloride using the procedure described for 5b) yielded 7. ^-NMR 200MHz 
(CDxOD) 6: 1.12 - i.58 (6H, m), 2.57 - 2.69 (1H, m) 2.95 - 3.95 (8H, m), 4.9 - 5.1 (1H, fn), 
7.1 1 - 7.22 (1H, m), 7.43 - 8.16 (9H, m), 8.24 - 8.34 (1H, m), 8.41 - 8.45 (1H, m). 
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Example 8. 

(3Sy4-Hl-rq-am?no-6-isoauinolinvnme 

nfethoxv-2,3 t 6-trimethvlphenvnsulfonvnamino]4-oxo-butanoic acid hl-dimethvlethvlester 
hydrochloride 

5 The procedure described for 5c was used. Deprotection of 5a and coupling with 121 mg of 
(2S)-2-[[(4-methoxy-2,3,6-trimethylphenyl)sulfonyl]amino]butanedioic acid 4-( 1 , 1 -dimethyl- 
ethyl)ester (prepared from Asp(OtBu)-OH and (4-methoxy-2,3,6-trimethyIphenyI)- 
sulfonylchloride using the procedure described for 5b) yielded after purification 8 as a mixture of 
diastereomers (1 : 1). 'H-NMR 200MHz (CD 3 OD) 5: 1.30 and 1.35 (9H, 2x s), 1.38 - 1.70 (6H, 

10 m), 2.12 and 2.14 (3H, 2x s) 2.18 - 2.51 (2H, m), 2.53 and 2.54, (3H, 2x s), 2.63 (3H, s), 2.85 - 
3.54 (6H, m), 3.81 and 3.86 (3H, 2x s), 3.95 - 4.1 1 (1H, m), 5.03 - 5.21 (1H, m), 6.73 and 6.75 
(1H, 2x s), 7.17 - 7.24 (1H, m), 7.52 - 7.78 (3H, m), 8.30 - 8.38 (1H, m). 

Example 9. 

15 (3Sy4-frMn-amino-6-isoauinolinvnme 

methoxv^^^-trimethvlphenvnsulfonvllaminoH-oxo-butanoic acid hydrochloride 

10 mL of aqueous IN hydrochloric acid was added to 45 mg of 8. After stirring for 6h at 50°C 
the reaction mixture was concentrated in vacuo. The residue was purified (silica gel, ethyl acetate 
/ pyridine / acetic acid / water : 81 / 3 1 / 18 / 7 and LH20, methanol / dichloromethane : 1 / 1) to 
20 yield the free base. Addition of one equivalent hydrogen chloride and lyophilisation (t-butanol / 
water) yielded 32 mg of 9 as a mixture of diastereoisomers. 'H-NMR 200MHz (CD 3 OD) 8: 1.3 - 
1.7 (6H, m), 2.14 (3H, s) 2.20 - 2.38 (1H, m), 2.53 and 2.55, (3H, 2x s), 2.62 and 2.64 (3H, 2x 
s), 2.71 - 3.98 (8H, m), 3.85 and 3.87 (3H, 2x s), 5.08 - 5.21 (1H, m), 6.61 (1H, br.s), 7.07 (1H, 
d, J = 7Hz), 7.42 - 7.64 (3H, m), 8.21 - 8.28 (1H, m). 

25 

Example 10. 

3.4-dihvdro-2 < 2.5 < 7,8-pentamethvl-2H-l-benzoDvran«6-vlsulfonic acid 2«lfll-Kl-amino-6- 

isoouinolinvnmethvll-2>oxo-2-n-piperidinyl>ethyllaminolcarbonvnhvdrazide 

hydrochloride 
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To 100 mg of 5a in 2 mL of dichloromethane was added 2 mL of trifluoroacetic acid. After 
stirring for 15 minutes at room temperature the reaction mixture was concentrated and 
coevaporated with toluene. The residue was suspended in 3 mL N,N-dimethylforrnamide and 
0.14 mL of N,N-diisopropylethylamine and 76 mg of Boc Azagly 4-nitrophenylester (Gante, J. 
5 And Weitzel.,R., Liebigs Ann. Chem. 349 (1990)) were added. After stirring for 2 hours at room 
temperature the reaction mixture was concentrated under reduced pressure and crystallized from 
diethylether / dichloromethane to give 89 mg of the coupled product. To 50 mg of this product 
were added 1.8 mL of acetic acid and 0.2 mL of aqueous IN hydrochloric acid. After stirring for 
45 minutes at room temperature the reaction mixture was concentrated under reduced pressure 

10 and coevaporated with toluene. The residue was suspended in 2 mL of N,N-dimethylformamide 
and 0.06 mL of N,N-diisopropylethylamine and a solution of 38 mg of (3,4-dihydro-2,2,5,7,8- 
pentamethyl-2H- 1 -benzopyran-6-yl)sulfonylchloride in 1 mL of N,N-dimethylformamide was 
added. After stirring for 3 hours at room temperature the reaction mixture was concentrated 
under reduced pressure and purification yielded 38 mg of 10. 'H-NMR 200MHz (CD 3 OD) 8: 

15 0.95 - 1.65 (6H, m), 1.24 (3H, s), 1.28 (3H, s), 1.80 (2H, t, J = 7Hz), 2.33 (3H, s), 2.53 (3H, s), 
2.55 (3H, s), 2.64 - 3.48 (8H, m), 5.00 (1H, t, J = 7Hz)), 7.10 (1H, d, J = 7Hz), 7.44 (1H, dd, J 
= 2Hz and J - 9 Hz), 7.59 (1H, d, J = 7Hz), 7.64 (1H, d, J = 2Hz), 8.22 (1H, d, J = 9Hz). 

Example 11. 

20 l>F3-^l-amino-6-isoqtiinolinvl^2-l(2-nanhthalenvlsulfonvnaminol-l«oxoDropvll-4- 
methvlpineridine hydrochloride (lib) 

11a. 3-n-amino-6-isoquinolinvlV2-f(2-naphthalenvlsulfonvnamino1propionic acid methyl ester 
hydrochloride 

25 0.10 g of 2-naphthalenylsulfonylchloride dissolved in 0.8 mL of dichloromethane and 0.2 mL of 
dioxane was added to a solution of 0.13 g of lj in 6 mL dichloromethane and 0.17 mL of 
triethylamine at 0°C. After stirring at room temperature for 1 hour water was added , sodium 
hydroxide was added until pH 8 - 9 and the mixture was extracted with dichloromethane. The 
dichloromethane extract was dried (MgS0 4 ) and concentrated. Purification (silica gel, 

30 dichloromethane / methanol 95 / 5), addition of one equivalent of hydrochloric acid and 
lyophilisation (t-butanol / water) gave 69 mg of 11a. 'H-NMR 200MHz (CDCI 3 ) 6: 3.00 - 3.34 
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(2H, m), 3.49 (3H, s), 4.34 (1H, dd, J = 5Hz and J = 9Hz), 6.72 (1H, d, J - 7Hz), 7.25 - 7.87 
(9H, m), 8.04 (1H, d, J - 8Hz), 8.16 (1H, d, J = 2Hz). 

lib. 1 -f3-f 1 >amino-6-isoquinolinvlV2-|'f 2-naphthalenvlsu1fonvl>amino]- 1 -oxopropvn-4- 
5 methvlpioeridtne hydrochloride 

Compound 11a was saponified and subsequently coupled with 4-methylpiperidine using the 
procedure described for 4 to give lib. 'H-NMR 200MHz (CD 3 OD) 8: 0.15 - 3.24 (12H, m), 
3.75-4.24 (2H, m), 4.57 - 4.72 (1H, m), 6.71 -7.91 (10H, m), 8.11 -8.19(2H, m). 

10 Example 12 

l-f3-(l-amino-6-isoquinolinvlV2-f[f7-methoxv-2-naphthalenvnsuifonvllaminol-l- 
oxoproDvll-4-methvlpineridine hydrochloride (12b) 

12a. (7-methoxv-2-naphthalenvnsulfonvl chloride 
15 2<7-hydroxynaphthalenyl)sulfonic acid was methylated (J.Org. Chem. 57, 2631 (1992)) and 
subsequently treated with thionyl chloride (Hel. Chim. Acta 176 . 1653 (1959) using the 
procedures described in the indicated literature to give the title compound 12a. M.p.: 81-85 °C. 

12b. 1 1 -amino-6-isoquinolinvlV2-[f n-methoxv^-naphthalenvDsulfonvllaminol- 1 - 

20 oxopropyll-4-methvlpiperidine hydrochloride 

Using the procedure described for 11a, the reaction of methyl ester lj and sulfonyl chloride 12a 
gave 3-(l-amino-6-isoquinolinyl)-2-[[(7-methoxy-2-naphthalenyi)sulfonyl)amino]propionic acid 
methyl ester. This ester was saponified and subsequently coupled with 4-methylpiperidine using 
the procedure described for the previous example to give the title compound 12b. l H-NMR 

25 200MHz (CD 3 OD) 5: 0.18-0.85 (5H, m), 1.22 - 1.58 (3H, m), 1.78-3.18 (4H, m), 3.80-4.26 
(2H, m), 3.88 (3H, s), 4.57 - 4.72 (1H, m), 6.97 - 7.04 (1H, m), 7.20 - 7.79 (8H, m), 8.01 - 8.14 
(2H, m). 

Example 13. 
30 i-|3^4-aminothieno[3.2clpvridin-2-vlV^ 
methvlniperidine hydrochloride 
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Using the procedure described for 11a, the reaction of compound 3h and 2- 
naphthalenylsulfonylchloride gave 3-(4-aminothieno[3,2c]pyridin-2-yl)-2-[(2-naphthalenyl- 
sulfonyl)amino]propionic acid methyl ester hydrochloride. This compound was saponified and 
coupled with 4-methylpiperidine according to the procedure described for lib giving the title 
compound 13. 'H-NMR 200MHz (CD 3 OD) 6: 0.1 - 3.3 (12H, m), 3.72 - 4.18 (2H, m), 4.54 - 
4.68 (1H, m), 7.16 - 7.23 (1H, m), 7.38 - 8.01 (8H, m), 8.27 - 8.32 (1H, m). 

Example 14 

M3-(4-aminothienof3.2c1nvridin-2^^ 

oxoproDvIl-4-(methvlsu1fonvnninerazine hydrochloride (14c) 

14a. 3-(4>aminothienor3.2clpvridin-2-vlV2-rf(7-methoxv-2 -naphthalenvhsulfonvn- 
aminolpropionic acid hydrochloride 

The procedure described for 11a was used to prepare 3-(4-aminothieno[3,2c]pyridin-2-yl)-2- 
[[(7-methoxy-2-naphthalenyl)sulfonyI]amino] propionic acid methyl ester from 3h and 12a. This 
sulfonamide (130 mg) was dissolved in 3 mL of dioxane and 1.1 mL of water and 0.4 mL of 
aqueous 2N NaOH was added. After stirring at room temperature for 2 hours the reaction 
mixture was neutralized and concentrated under reduced pressure. The residue was subsequently 
titurated with dichloromethane and with a small amount of water acidified to pH 3 with 
hydrochloric acid to give 1 14 mg of compound 14a. TLC (silica gel, ethyl acetate / pyridine / 
acetic acid / water : 81 / 3 1 / 18 / 7) rf = 0.29. 

14b. 1 -Methvlsulfonvlpiperazine 

3.5 mL of methane sulfonylchloride in 50 mL of dichloromethane was added slowly to a solution 
of 4.9 g of 1-formylpiperazine and 6. 1 mL of triethylamine in 100 mL of dichloromethane at 0°C. 
After stirring for 1 hour water was added and the organic layer was separated. The aqueous layer 
was extracted several times with dichloromethane. The combined organic layers were dried 
(MgS0 4 ) and concentrated to yield 5.8 g of l-formyl-4-(methylsulfony1)piperazine. The crude 
product was dissolved in 15ml of ethanol and 15 mL of aqueous 2N NaOH and stirred for 1.5 
hours at 80°C. After cooling to room temperature water was added and extracted several times 
with dichloromethane. The combine organic layers were dried (MgS0 4 ) and cpncentrated to give 
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2.9 g of the title compound 14b. ! H-NMR 200MHz (DMSOd6) 5: 2.70 - 2.77 (4H, m), 2.83 
(3H, s), 2.95 - 3.02 (4H, m). 

14c. l-f3-(4-aminothienor3.2c1pvridin-2^ 
5 oxoproDvl1-4-(niethvlsulfonvl)piperazine hydrochloride 

Using the procedure described for 2b, 14a was coupled with 14b to give the title compound 14c. 
l H-NMR 400MHz (CDjOD) 6: 2.66 (3H, s), 2.62 - 3.69 (10H, m), 3.97 (3H, s), 4.6 - 4.7 (1H, 
m), 7.14 (1H, d, J = 7Hz), 7.29 - 7.35 (3H, m), 7.46 - 7.60 (2H, m), 7.81 - 7.86 (2H, m), 8.18 
(1H, bs.s). 

10 

Example 15. 

M3-f4-aminothienot3.2c1pyridin^^ 
oxopropvllmornholine hydrochloride 

Using the procedure described for 2b, 14a was coupled with morpholine to give 15. l H-NMR 
15 200MHz (CDjOD) 8: 3.07 - 3.52 (10H, m), 3.94 (3H, s), 4.62 (1H, dd, J - 9Hz and J = 5Hz), 
7.19 - 7.58 (6H, m), 7.76 - 7.82 (2H, m), 8.13 (1H, d, J = 2Hz). 

Example 16 

l.f3-(4-aminothieno[3.2clnvridin-2-vh-2-[H(5-dimethvlamino)nanhthalenvllsulfonvll- 
20 aminol-l-oxopropyll-4-methvlpiperidine hydrochloride (\6b) 

16a. 3-(4>aminothienor3.2clpvridin-2-vlV2-ff|'(5-dimethvlamino^naphthalenvl1sulfonvnaminol- 
propionic acid hydrochloride 

Using the procedure described for 14a, coupling of 3h and (5-dimethyIaminonaphthalenyl)- 
25 sulfonyl chloride gave title compound 16a. TLC (silica gel, ethyl acetate / pyridine / acetic acid / 
water : 81/31/ 18/7)rf=0.3. 



16b. l-r3-(4>aminothienof3.2c1pvridin-2-vlV2-rrr(S-dimethvlamino)naph thalenvnsulfonvl1- 
aminoV 1 -oxopropvll-4-methvlpiperidine hydrochloride 
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Using the procedure described for 2b, 16a was coupled with 4-methy]piperidine to give the title 
compound 16b. 'H-NMR 200MHz (CD 3 OD) 5: 0.1 - 3.3 (12H, m), 2.82 (3H, s), 3.53 - 4.28 
(2H, m), 4.41 - 4.52 (1H, m), 7.02- 7.58 (6H, m), 8.12 - 8.24 (2H, m), 8.40 - 8.51 (1H, m) 

5 Example 17. 

l-f:W4-aminothienoF3.2c1pvridin^^ 

aminol-l-oxopropyl1-4-(methvlsulfonvnpiperazine hydrochloride 

Using the procedure described for 2b, 16a was coupled with 1-methyisulfonylpiperazine to give 
the title compound 17. 'H-NMR 200MHz (CD 3 OD) 5: 2.64 (3H, s), 2.83 (6H, s), 2.76 - 3.46 
10 (10H, m), 4.50 (1H, dd, J = 8Hz and J = 7Hz), ), 7.03- 7. 1 5 (2H, m), 7.25 (1H, br.s), 7.43 - 7.57 
(3H, m), 8.14 - 8.20 (2H, m), 8.41 - 8.48 (1H, m) 

Example 18. 

l-f3^4-aminothienor3,2clpvridin-2-vn^ 
15 oxopropvll-4-methvlnineridine hydrochloride 

Using the procedure described for 2b, 14a was coupled with 4-methylpiperidine to give the title 
compound 18. J H-NMR 200MHz (CD 3 OD) 5: 0.1 - 3.3 (12H, m), 3.93 (3H, s), 3.65 - 4.17 (2H, 
m), 4.52 - 4.65 (1H, m), 7.09- 7.87 (8H, m), 8.18 - 8.23 (1H, m). 

20 Example 19. 

l-f3-(4-aminothienof3.2clnvridin-2-vn-2-ri(7-methoxv-2-nanhthalenvnsulfonvna minol-l* 
oxopropvll-4-ethvlnineridine hydrochloride 

Using the procedure described for 2b, 14a was coupled with 4-ethylpiperidine to give the title 
compound 19. 1 H-NMR 200MHz (CDjOD) 5: 0.1 - 3.3 (14H, m), 3.72 - 3.83 (1H, m), 3.93 and 
25 3.94 (3H, 2x s), 3.94 - 4.16 (1H, m), 4.52 - 4.63 (1H, m), 7.12- 7.61 (6H, m), 7.76 - 7.85 (2H, 
m), 8.17- 8.24 (1H, m). 

Example 20. 

l-r3-(4-aminothieno13.2clpyridin-2-vn-2-rrr(S-dimethvlamino)n aphthalenvllsulfonvll- 
30 aminoM-oxopronvllmornhoHne h ydrochloride 
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Using the procedure described for 2b, 16a was coupled with morpholine to give the title 
compound 20. 'H-NMR 200MHz (CD 3 OD) 8: 2.82 (6H, s), 2.99 - 3.46 (10H, m), 4.45 (1H, dd, 
J- 8Hz and J - 7Hz) f ), 7.01- 7.13 (2H, m), 7.24 (1H, br.s), 7.41 - 7.57 (3H, m), 8.14 - 8.19 
(2H, m), 8.40- 8.47 (1H, m) 

5 

Example 21. 

l-l3-f4-aminothieno[3.2c1pvridin-2^^ 
oxopropvll-4-fornivlpiperazine hydrochloride 

Using the procedure described for 2b, 14a was coupled with 1-formylpiperazine to give the title 
10 compound 21. l H-NMR 400MHz (CD ? OD) 8: 2.81 - 3.68 (10H, m), 3.72 (3H, s), 4.66 (1H, dd, 
J = 6Hz and J = 8Hz)), 7.08 - 7.10 (1H, m), 7.25 - 7.32 (3H, m), 7.49 (1H, d, J = 7Hz), 7.58 
(1H, dd, J = 2Hz and J = 9Hz), 7.77 - 7.81 (2H, m), 7.92 and 7.98 (1H, 2x s), 8.17 (1H, bs.s). 

Example 22. 

15 l-r3^4-aminothienor3aclpyridin-2-vn-2-fir7-methoxv-2--naphthalenvnsulfonvllaminol>l- 
oxopropvH-4-methoxvpineridine hydrochloride (22b) 

22a. 4-Methoxypiperidine hydrochloride 

5.8 g of di-t-butyl dicarbonate was added to a solution of 3. 13 g of 4-hydroxypiperidine in 29 mL 
20 of tetrahydrofiiran and 7 mL of pyridine. After 1 6 hours at room temperature the mixture was 
concentrated and coevaporated with toluene. The residue was dissolved in 23 mL of 
tetrahydrofiiran and 3.3 mL of methyl iodide was added. To this solution 1.2 g of sodium hydride 
(60% dispersion) was added in small potions. After stirring for 2 hours at room temperature 
methanol was added carefully to destroy the excess sodium hydride. The reaction mixture was 
25 concentrated in vacuo. Water was added, the pH adjusted to 4 and extracted with ethyl acetate. 
The ethyl acetate extract was dried (MgS0 4 ) and concentrated. Column chromatography (silica 
gel, toluene / ethyl acetate: 4/1) yielded 2.7 g of l-Boc-4-methoxypiperidine. This compound 
was cooled at 0°C and 30 mL of 3N hydrochloric acid in methanol was added. After stirring for 
19 hours at room temperature the reaction mixture was concentrated to give 2.4 g of 4-methoxy- 
30 piperidine hydrochloride. 'H-NMR 200MHz (CD 3 OD) 5: 1.76 - 2.12 (4H, m), 3.03 - 3.61 (5H, 
m),3.36 (3H, s). 
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22b. l-[3-r4-aminothienor3.2c1pvridin-^^ 
oxopropvlM-methoxvp iperidine hydrochloride 

Using the procedure described for 2b, 14a was coupled with 22a to give the title compound 22b. 
'H-NMR 400MHz (CD 3 OD) 5: 1.82 - 1.62 (4H, m), 2.90 - 3.64 (7H, m), 3.21 and 3.22 (3H, 2x 
5 s), 3.94 (3H, s), 4.59 - 4.64 (1H, m), 7.11 (1H, d, J = 7Hz), 7.25 - 7.34 (3H, m), 7.49 - 7.58 
(2H, m), 7.77 - 7.82 (2H, m), 8.18 (1H, br.s). 

Example 23. 

l-r3-(4-aminothienof3,2clpvrtdin-2^ 
10 oxopropvH-4-r(trifluormethvnsulfonvHninerazine hydrochloride (23b) 

23a. l-(trifluormethvnsulfonvl]piperazin e hydrochloride 

2.0 mL of trifluormethanesulfonic anhydride in 10 mL of dichloromethane was slowly added to a 
stirred solution of 2.0 g of Boc-piperazine and 1.65 mL of triethylamine in 31 mL of 

15 dichloromethane at -78°C. After 1 hour the reaction mixture was allowed to warm to 0°C, 
poured into water, neutralized and extracted with dichloromethane. The dichloromethane extract 
was washed with 5% NaHCO*, dried (MgS0 4 ) and concentrated. Column chromatography 
(silica gel, toluene / ethyl acetate: 9 / 1) yielded 1.6 g of l-Boc-4- 
[(trifiiormethyl)sulfonyl]piperazine. 

20 0.2 g of this compound was cooled at 0°C and 3 mL of 3N hydrochloric acid in methanol was 
added. After stirring for 19 hours at room temperature the reaction mixture was concentrated to 
give 0.1 g of l-(trifluormethyl)sulfonyl]piperazine hydrochloride. l9 F-NMR 188MHz (CD 3 OD) 
S: -76.6. 

25 23b. l-f3>f4>aminothienor3.2c1pvridin-2-vlV2-f[(7-methoxv-2-naphthalenvnsulfonvnaminol-l- 
oxopropvll-4-[ftrifluormethvnsulfonvllpiperazine hydrochloride 

Using the procedure described for 2b, 14a was coupled with 23a to give the title compound 23b. 
19 F-NMR 188MHz (CD 3 OD)5: -78.3. 
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Example 24. 

l-r3-r4-aminothienof3,2clpyridin^ 
oxopropvl1-4-methvlpiperazine dihvdrochloride 

Using the procedure described for 2b, 14a was coupled with 1 -methylpiperazine to give the title 
5 compound 24. 'H-NMR 400MHz (CD 3 OD) 5: 1.99 - 2.51 (4H, m), 2.23 (3H, s), 3.12 - 3.72 
(6H, m), 3.94 (3H, s), 4.63 (IH, dd, J = 5Hz and J = 9Hz), 7.18 (IH, d, J - 7Hz), 7.26 - 7.31 
(2H, m), 7.39 (IH, s), 7.46 (1H, d, J = 7Hz), 7.56 (IH, dd, J « 2Hz and J = 9Hz), 7.78 - 7.82 
(2H,m), 8.15 (1H, d, J = 2Hz). 

10 Example 25. 

l-r3-(4-aminothienof3,2c1nvridin-2-vn^ 
oxonronvllthiomornholine hydrochloride 

Using the procedure described for 2b, 14a was coupled with thiomorpholine to give the title 
compound 25. 1 H-NMR 400MHz (CDC1 3 ) 5: 1.87 - 2.41 (4H, m), 3.03 - 3.75 (6H, m), 3.95 
15 (3H, s), 4.56 (IH, dd, J = 5Hz and J = 8Hz)), 6.94 (IH, d, J = 7Hz), 7.2 1 (IH, d, J = 3Hz), 7.28 
- 7.35 (2H, m), 7.57 (IH, d, J - 6Hz), 7.63 (IH, dd, J = 2Hz and J = 9Hz), 7.76 - 7.84 (2H, m), 
8.25 (IH, bs.s). 

Example 26. 

20 3-(4-aminothienol3 t 2clpvridin-2-vlVN-(2-methoxvethvn-2-fK7-methoxv-2-naphthalenvlV 
sulfonvllaminol-N-methvl-propanamide hydrochloride 

Using the procedure described for 2b, 14a was coupled with N-methyl-2-methoxyethylamine to 
give the title compound 26. 'H-NMR 400MHz (CD 3 OD) 5: 2.73 and 2.98 (3H, 2x s), 3.08 and 
3.28 (3H, 2x s), 2.85 - 3.48 (5H, m), 3.91 (3H, s), 4.01 - 4.27 (IH, m), 4.56 - 4.76 (IH, m), 6.89 
25 - 7.02 (IH, m), 7.16 - 7.78 (7H, m), 8.04 - 8.19 (IH, m). 

Example 27. 

l-f3-f4-aminothieno[3,2c1Pvridin-2-vlV2-^^ 
oxopronvll-4-n-oxoethvnpioeridine hydrochloride 

30 Using the procedure described for 2b, 14a was coupled with 4-(l-oxoethyl)piperidine to give the 
title compound 27. 1 H-NMR 400MHz (CD 3 OD) 6: 0.52 -0.72 (IH, m), 0.97 - 1.18 (IH, m), 
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1.53 - 1.71 (2H, m), 1.92 and 1.98 (3H, 2x s), 2.04 -2.56 (2H, m), 2.76 - 2.92 (1H, m), 3.08 - 
3.28 (2H, m), 3.73 - 4.05 (2H, m), 3.94 (3H, s), 4.57 - 4.63 (1H, m), 7.09 (1H, d, J = 7Hz), 7.23 
--7.35 (3H, m), 7.53 - 7.60 (2H, m), 7.75 - 7.86 (2H, m), 8.17 and 8.22 (1H, 2x br.s). 

5 Example 28. 

1- f:W4-aminothienor3.2c1pvridin-2^ 
oxopropvll-4-methvlenepiperidine hydrochloride (28b) 

28a. 4-methvlenepiperidine hydrochloride 

10 6 g of di-t-butyldicarbonate, 2 g of 4-piperidone monohydrate hydrochloride and 6.3 mL of 
pyridine were dissolved in 25 mL of tetrahydrofuran. After stirring for 4 days at room 
temperature the reaction mixture was concentrated, water was added, the pH adjusted to 3 and 
extracted with ethyl acetate. The ethyl acetate extracts were dried (magnesium sulfate) and 
concentrated. This residue (0.6 g) was transformed into Boc-4-methylenepiperidine using the 

15 procedure described in J. Am. Chem. Soc. 101 . 7032 (1979). Boc-4-methylenepiperidine was 
dissolved in 3N hydrochloric acid in methanol and stirred for 19 hours at room temperature. 
Evaporation yielded 0.24 g of the title compound 28a. ! H-NMR 200MHz (CDC1 3 ) 8: 2.57 (4H, 
br.s), 3.22 (4H, br.s), 4.88 (2H, s). 

20 28b. l-f3-r4-aminothienor3.2c1pvridin-2-vl)-2-[[r7-methoxv-2-naphthalenvnsulfonvl1aminol"l- 
oxopropvl]-4-methylenepiperidine hydrochloride 

Using the procedure described for 2b, 14a was coupled with 28a to give the title compound 28b. 
'H-NMR 400MHz (DMSOd6) 6: 1.55 - 2.04 (4H, m), 2.89 -3.5 (6H, m), 3.88 (3H, s), 4.49 - 
4.67 (3H, m), 7.43 - 7.78 (8H, m), 8.09 (1H, 2x br.s). 

25 

Example 29. 

2- rf3-(4-aminothienol3.2c1pvridin^ 

oxopropvlKcvclopropvnaminolacetic acid ethyl ester hydrochloride 

The procedure described for 2b was used to couple 14a with [(cyclopropyl)amino]acetic acid 
30 ethyl ester giving the title compound 29. [(Cyclopropyl)amino]acetic acid ethyl ester was 
prepared cyclopropylbromide and glycine ethyl ester using the procedure described by J.T. Suh 
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et al. (J. Med. Chem. 28, 57 - 66 (1985)). 'H-NMR 400MHz (CD 3 OD) 6: 0.76 -1.12 (4H, m), 
1.24 (3H, t, J = 7Hz), 2.93 - 3.02 (2H, m), 3.28 - 3.36 (1H, m), 3.84 and 4.20 (2H, ABq, J = 
17Hz), 3.93 (3H, s), 4.14 (2H, q, J = 7Hz), 5.10 (IH, dd, J = 4Hz and J = 10Hz), 6.86 (IH, d, J 
= 6Hz), 7.15 - 7.70 (7H, m), 8.05 (1H, s), 

Example 30. 

l-r3-r4-aminothienof3.2clpvrid 
oxobicvclor2.2.11heDM-vnme^ 
hydrochloride (30b) 

30a. 1 , 1-Dimethvlethvl 1 ■.f( r 4-aminothienor3.2clDvridin-2>vnm ethvn>2-oxo-2>ri-f4-methyN 
piperidinvlV)ethvl carbamate 

The procedure described for 5a was used. Amino acid 3g was protected with the t-butyloxy 
carbamate group and subsequently coupled with 4-methylpiperidine to give the title compound 
30a. 'H-NMR 200MHz (CDC1 3 ) 8: 0.1 - 3.4 (12H, m), 1.40 (9H, s), 3.78 - 3.95 (1H, m), 4.42 - 
4.56 (1H, m), 4.87 - 4.97 (1H, m), 7.04 -7.11 (2H, m), 7.78 (IH, d, J - 7Hz). 

30h. 1-f3-(4-aminothienor3.2clDvridin-2-vlV2-rrrN nR.4SW7.7-dimethvl-2- 
oxobicvclor2.2. 1 Ihept- 1 -ynmethvllsulfonvnamino l- 1 -oxopropvn-4-methvlpiperidine 
hydrochloride 

To 82 mg of 30a in 2.2 mL of dichloromethane was added 2.2 mL of trifluoroacetic acid. After 
stirring for 1 hour at room temperature the reaction mixture was concentrated and coevaporated 
with toluene. The residue was dissolved in 3 mL of dichloromethane and 0.12 mL of 
triethylamine, cooled at 0°C and 55 mg of (-)camphor-lO-sulfonylchloride was added. After 
stirring for 16 hours at room temperature water was added, the pH was adjusted to 8 - 9 and the 
mixture was extracted with dichloromethane. The extract was dried (magnesium sulfate) and 
concentrated. Purification on silica gel (dichloromethane / methanol: 9/1) afforded the free base. 
Addition of one equivalent hydrochloric acid and lyophilisation gave 58 mg of the title compound 
30b. 'H-NMR 200MHz (CD 3 OD) 6: 0.1 - 3.5 (28H, m), 3.93 - 4.16 (IH, m), 4.37 - 4.58 (IH, 
m), 7.39 - 7.48 (IH, m), 7.58 - 7.73 (2H, m). 
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Example 31. 

1-f:W4-aminothienol3.2clpvr^ 

h^nzonvran-6-vnsulfonv»lamino1-l-oxopronvll-4-m ethvlpiDeridine hydrochloride 

The procedure described for 30b was used to couple 30a with (3,4-dihydro-2,2,5,7,8- 
5 pentamethyl-2H-l-benzopyran-6-yl)sulfonyl chloride giving the title compound 31. 'H-NMR 
200MHz (CD,OD) 5: 0.1 - 1.6 (14H, m), 1.82 (2H, t, J = 7Hz), 2.02 - 3.3 (15H, m), 3.45 - 3.75 
(1H, m), 4.1 1 - 4.48 (2H, m), 7.25 - 7.32 (1H, m), 7.44 - 7.63 (2H, m). 

Example 32. 

10 Uf3-f4-aminothienor3.2clPvridin-2-vn-2-rfr2-dih enzofuranvnsulfonvllamino1-l> 
nxopropvlM-methvlpiperidine hydrochloride 

The procedure described for 30b was used to couple 30a with (2-dibenzofuranyl)sulfony! 
chloride giving the title compound 32. 'H-NMR 200MHz (CD 3 OD) 8: 0.1 - 0.75 (5H, m), 1.25 - 
1.56 (3H, m), 1 .92 - 2.50 (1H, in), 2.71 - 3.3 (3H, m), 3.75 - 4.23 (2H, m), 4.54 - 4.69 (1H, m), 
15 6.99 - 7.05 (1H, m), 7.29 - 7.48 (6H, m), 7.86 - 8.09 (2H, m), 8.37 - 8.42 (1H, m). 

Example 33. 

f-[3-r4-aminothienol3.2c1nvridm^^ 
oxopropvll-4-methvlpiperidine hydrochloride 
20 The procedure described for 30b was used to couple 30a with [5-(2-pyridinyl)thienyl]sulfonyl 
chloride giving the title compound 33. l H-NMR 200MHz (CD 3 OD) 5: 0.05 - 1.69 (8H, m), 2.25 
- 2.60 (1H, m), 2.85 - 3.41 (3H, m), 3.78 - 4.00 (1H, m), 4.17 - 4.37 (1H, m), 4.59 - 4.72 (1H, 
m), 7.13 - 7.22 (1H> m), 7.29 - 7.60 (5H, m), 7.82 - 7.88 (2H, m), 8.47 - 8.55 (1H, m). 

25 Example 34. 

1-f3-f4-aminothienot3.2clpvridin-^ 

aminol-l-oxopropvH-4-methvlniperidine hy drochloride (34b) 

34a. 2-(6.7-Dimethoxvnaphthalenvnsul fonv1 chloride 
30 2-(6,7-dihydroxynaphthalenyl)sulfonic acid was methylated (J. Org. Chem. 57, 2631 (1992)) and 
subsequently treated with thionyl chloride (Hel. Chim. Acta 176, 1653 (1959) using the 
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procedures described in the indicated literature to give the title compound 34a. M.p.: Ill - 
115°C. 

i.p-f4-aminothienof^2c1pvrid^^ 
1 -oxopropylH-methylpiperidine hydrochloride 

The procedure described for 30b was used to couple 30a with 34a giving the title compound 
34b. l H-NMR 200MHz (CD 3 OD) 6: 0.05 - 1.58 (8H, m), 1.88 - 3.3 (4H, m), 3.72 - 4.19 (2H, 
m), 3.97 (3H, s), 3.98 and 3.99 (3H, 2x s), 4.48 - 4.64 (1H, m), 7.26 - 7.32 (3H, m), 7.46 - 7.79 
(4H, m), 8.12 (1H, d, J = 2Hz). 

Example 35. 

1-i:W4-aminnthienol3.2flnvridin-2^^ 
oxopropvil-4-methvlmneridine hydrochloride 

The procedure described for 30b was used to couple 30a with [5-(3-isoxazolyl)thienyl]sulfonyl 
chloride giving the title compound 35. 'H-NMR 200MHz (CD 3 OD) 8: 0.05 - 1.75 (8H, m), 2.25 
- 2.64 (1H, m), 2.84 - 3.40 (3H, m), 3.79 - 4.02 (1H, m), 4.18 - 4.39 (1H, m), 4.61 - 4.74 (1H, 
m), 6.75 - 6.79 (1H, m), 7.14 - 7.20 (1H, m), 7.38 - 7.61 (4H, m), 8.46 (1H, d, J - 2Hz). 

Example 36. 

l-l3-(4-aminothienof3.2glnvridin^ 

aminoM-oxopropvlN4-methvlpiperidine h ydrochloride (36b) 
36a. (4.6-Dimethoxv-2-naphthalenvnsul fonvl chloride 

(4,6-dihydroxy-2-naphthalenyI)sulfonic acid was methylated (J. Org. Chem. 57, 2631 (1992)) 
and subsequently treated with phosphorous oxychloride (J. Am. Chem. Soc. 74, 2006 (1952)) 
using the procedures described in the indicated literature to give the title compound 36a. M.p.: 
133.9- 134.5°C. 



3fih 1-fl-(4-aminothienon 2c l P vridin>2>vlV2-rr(4.6>dimethoxv-2- naphthalenvnsulfonvnaminoV 
1 ^xopropvlH-methv lpiperidine hydrochloride 
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The procedure described for 30b was used to couple 30a with 36a giving the title compound 
36b. ! H-NMR 200MHz (CD 3 OD) 8: 0.0 - 3.3 (12H, m), 3.60 - 3.76 (1H, m), 3.93 and 3.94 (3H, 
2x s), 4.04 (3H, s), 3.97 - 4.18 (1H, m), 4.44 - 4.60 (1H, m), 7.04 - 7.57 (6H, m), 7.78 - 7.87 
(2H, m). 

5 

Example 37 

l-f3-n-Amino-7>isoquSnolinvlV2-ft(7-methoxv-2-naphthalenvl)su1fonvl1amino1-l- 
oxoDroDvll-4-methvlniperidine hydrochloride (370 

10 37a. 7 -Bromoisoquinoline N- oxide hydrochloride 

Compound 37a was prepared from 7-bromoisoquinoline (Tyson, F.L., J. Am. Chem. Soc. 61, 
183 (1939), this procedure gave a mixture of 7-bromoisoquinoline and 5-bromoisoquinoline) 
using the procedure described for la. The title compound was contaminated with the 5-bromo- 
isoquinoline N-oxide hydrochloride. M.p. 107.0 - 1 12.5 °C 

15 

37b, 7-Bromo-l -chloroisoquinoline 

Compound 37b was prepared from 37a using the procedure described for lb. *H-NMR 200MHz 
(CDCI 3 )6: 7.57 - 7.88 (3H, m), 8.32 (1H, d, J = 6Hz), 8.51 - 8.54 (1H, m). 

20 37c. 7-Bromo-l -phenoxvisoauinoline 

Compound 37c was prepared from 37b using the procedure described for lc. l H-NMR 200MHz 
(CDC1 3 ) 8: 6.76 - 6.97 (2H, m), 7. 18 - 8.09 (7H, m), 8.60 - 8.64 (1H, m). 

37d. 1 - Amino-7-bromoisoquinoline 
25 Compound 37d was prepared from 37c using the procedure described for Id. 'H-NMR 200MHz 
(CDCU) S: 5.1 (2H, br. s), 7.03 (1H, dd, J = 6Hz and J = 1Hz), 7.59 (1H, d, J = 9 Hz), 7.70 (1H, 
dd, J - 9 Hz and J = 2Hz), 7.95 - 8.00 (2H, m). 



37e. N-(7-bromo- 1 -isoquinolinvnbenzamide 
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Compound 37e was prepared from 37d using the procedure described for Ie. 'H-NMR 200MHz 
(CDCI3) 5: 6.98 (lH,d, J = 6Hz), 7.37 - 7.57 (6H, m), 8.41 - 8.48 (2H, m), 9.14 (1H, d, J = 
2Hz). 

5 37f. N-f7-(hvdroxvmethvn-l>isoquinolinvllbenzamide 

N-(7-FormylisoquinoIinyl)benzamide was prepared from 37e using the procedure described for 
If but was not purified using column chromatography. The crude aldehyde was transformed into 
the title compound using the procedure described for lg folowed by purification using column 
chromatography on silica gel (toluene / ethyl acetate : 2 / 1). M.p. 137.5 - 139.0 °C 

10 

37g. [fl-fbenzovlamino^^-isoquinolinvnmethvlirfn.l-dimethvlethoxvlcarbonvlam inolproDane- 
dioic acid diethyl ester 

Compound 37g was prepared from 37f using the procedure described for lh. 
M.p. 190.5 - 193.0 °C. 

15 

37h. 2-Amino-3-( 1 -amino-7-isoauinolinvnpropionic acid dihvdrochloride 

Compound 37h was prepared from 37g using the procedure described for li. l H-NMR 200MHz 
(D 2 0) 5: 3.34 - 3.52 (2H, m), 4.29 (1H, dd, J = 6Hz and J - 7Hz), 7. 13 (1H, dd, J = 7Hz and J = 
1Hz), 7.43 (1H, d, J = 7Hz), 7.82 (2H, br.s), 8.05 (1H, br.s). 

20 

37L 2-Ajnino-3-n-amino-7-isoquinolinvnpropionic acid methyl ester dihvdrochloride 
Compound 37i was prepared from 37h using the procedure described for Ij. 'H-NMR 200MHz 
(CD3OD) 8: 3.38 - 3.60 (2H, m), 3.80 (3H, s), 4.52 (1H, t, J = 7Hz), 7.25 (1H, dd, J = 7Hz and 
J = 1Hz), 7.59 (1H, d, J = 7Hz), 7.87 - 7.99 (2H, m), 8.48 (1H, br.s). 

25 

37j. 1 -f 3-( 1 ^amino-7-isoquinolinvlV2-[[(7-methoxv-2-naDhthalenvnsulf onvl]amino1-l - 
oxopropvn-4-methvlpiperidine hydrochloride 

Using the procedure described for 11a, methyl ester 37i and compound 12a gave 3-(l-amino-7- 
isoquinolinyl)-2-[[(7-methoxy-2-naphthalenyl)sulfonyl)amino]propionic acid methyl ester. This 
30 ester was saponified and subsequently coupled with 4-methylpiperidine using the procedure 
described for 4 to give 37. 'H-NMR 200MHz (CD 3 OD) 5: -0.20 - 0.77 (5H, m), 1.22 - 1.58 (3H, 
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m), 1.73 - 3.20 (4H, m), 3.65 - 4.19 (2H, m), 3.93 (3H, s), 4.53 - 4.68 (1H, m), 7.00 - 7.06 (1H, 
m), 7.23 - 7.3 1 (2H, m), 7.43 - 7.5 1 (2H, m), 7.56 - 8^15 (6H, m). 

Example 38. 
5 f3SV4-m-rn-amino-7-isoau^^ 

in<>thoxv-.2.3,6-trimethvlDhenvnsulfonvl1aminol>4-oxo-butanoSc acid 1.1-dimethvlethvl- 

ester hydrochloride 

Using the procedure described for 5a aminoacid 37h gave 1,1-dimethylethyl [l-[(l-amino-7- 
isoquinolinyl)methy!]-2-oxo-2-(l-piperidinyl)ethylcarbamate. This compound was deprotected 

10 and coupled with (2S)-2-[(4-methoxy-2,3,6-trimethyiphenyl)sulfonyl]butanedioic acid 4-(l,l- 
dimethylethyl)ester using the procedure described for example 8 to give the title compound as a 
mixture of diastereoisomers (1 : 1). l H-NMR 200MHz (CD 3 OD) 6: 1.30 and 1.33 (9H, 2x s), 
1.38 - 1.68 (6H, m), 2.12 and 2.14 (3H, 2x s), 2.25 - 2.43 (2H, m), 2.52 (3H, s), 2.61 (3H, s), 
2.90 - 3.56 (6H, m), 3.81 and 3.86 (3H, 2x s), 3.92 - 4.10 (1H, m), 5.16 - 5.23 (1H, m), 6.72 

15 and 6.75 (1H, 2x s), 7.18 - 7.24 (1H, m), 7.51 - 7.56 (1H, m), 7.74 - 7.88 (2H, m), 8.23 and 
8.26 (1H, 2x s). 

Example 39. 

Solid-phase synthesis of compounds of formula (Td) with n = 0. X = S. R'Y = R ! C(Q), 
20 R 4 =H (Table 39). 

39a. N-(4-thieno[3.2c1pvridinvnacetvlamide 

4.1 g of acetic anhydride was added to a solution of 5.0 g of 3b in 100 mL of pyridine at room 
temperature and the solution was heated at 125°C for 2.5 hours. The pyridine was evaporated, 
25 and the crude product was coevaporated four times with toluene. The residue was 
chromatographed on a silica gel column (dichloromethane / methanol 95:5) to give 4.7 g of 39a. 
l H NMR 200 MHZ (CD3OD) 6 : 2.26 (3H,s), 7.49 (lH,d,J = 6 Hz), 7.70 (lH,d,J = 6 Hz), 7.86 
(lH,d,J = 6 Hz), 8.21(lH,d,J = 6 Hz). 



30 



39b. N>(2-formvlthienor3.2c1pvridin>4-vnacetvlamide 
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The procedure described for 3d was used to prepare 39b from 39a. ! H NMR 200 MHZ 
(CD3OD/CDCI3 9:1)8 : 2.33 (3H,s), 7.72 (lH,d), 8.30 (lH,s), 8.32 (lH,d), 10.10 (lH,s). 

39r N-f(4-facetvlamino^thienor3.2c1pvridin-2-vnmethvn-glvcine methyl ester 
1.7 g of 39b was dissolved in 80 mL of dioxane/methanol (1:1 v/v). To this solution was added a 
solution of 1.0 g of glycine methyl ester hydrochloride and 1.1 g of N,N-diisopropylethylamine in 
methanol. The reaction mixture was heated at 60°C for 1 hour, and then coevaporated three 
times with methanol. Conversion of the aldehyde was checked with NMR of the formed imine. 
! H NMR 200 MHZ (CD3OD) 8 : 2.30 (3H,s), 3.79 (3H,s), 4.48 (2H,s), 7.75 (lH,d), 7.85 
(lH,s), 8.25 (lH,d), 8.60 (lH,s). The imine was dissolved in 40 mL of methanol and reduced to 
the amine with sodium borohydride, added in small portions to an amount of 1.4 g. The reaction 
mixture was neutralized with acetic acid, the solvents were evaporated, and the residue was 
coevaporated with toluene. The crude product was chromatographed on silica gel (toluene / 
ethanol 9:1) giving 0.55 g of 39c. *H NMR 200 MHZ (CD3OD) 5 : 2.26 (3H,s), 3.47 (2H,s), 
3.70 (3H,s), 4.14 (2H,s), 7.32 (lH,s), 7.79 (lH,d), 8.19 (lH,d). 

39d. N,N>ftert.-butvloxvcarbonvnrff4-(acetvlaminoHhienor3.2c1pvridin-2 -vnmethvlVglvcine 
methvl ester. 

The procedure described for 5a was used for the preparation of 39d from 39c. *H NMR 200 
MHZ (CD3OD) 8 : 1.47 (9H,s), 2.25 (3H,s), 3.69 (3H,s), 4.02 (2H,m), 4.78 (2H,m), 7.37 
(lH,m), 7.79 (lH,m), 8.20 (lH,m). 

39e. N.N-rtert.-butvloxvcarbonvl1f(4-(acetvlamino^thienor3.2c1pvridin- 2-vnmethvl1-glvcine 
Compound 39d was saponified as described for 2a but the reaction was performed for 3 hours. 
Compound 39e was isolated by silica gel chromatography (dichloromethane / methanol 7:3). l H 
NMR 200 MHZ (CD3OD) 8 : 1.48 (9H,s), 2.25 (3H,s), 3.84 (2H,m), 4.76 (2H,m), 7.33 (lH,m), 
7.77 (lH,m), 8.16 (lH,m). 

39f, Derivatization of Kaiser oxime resin with acid 39e. 

2.36 g of 39e was coevaporated twice with dry N,N-dimethyIformamide and subsequently 
dissolved in 25 mL of dichloromethane/N^-dimethylformamide (3:2 v/v). 1.06 g of N- 
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hydroxybenzotriazole was added and the resulting solution was added to 1.42 g of Kaiser oxime 
resin (1.1 mmol/g). After the addition of 1.22 mL of diisopropylcarbodiimide, the suspension was 
shaken overnight at room temperature. The resin was filtered off and washed with 
dichloromethane/N,N-dimethyIformamide (3:2 v/v) and N,N-dimethyIformamide. Further 

5 washings were performed by alternate addition of 2-propanol and dichloromethane (three times 
each). Unreacted oxime functions were capped by treatment of the resin with 35 mL of a mixture 
of acetic anhydride/N^-diisopropylethylamine/N^N-dimethylformamide (3:1:12 v/v/v) for 30 
minutes at room temperature. The resin was filtered off and washed with N,N- 
dimethylformamide, 2-propanol and dichloromethane (three times each). The resin was dried in 

10 vacuo to give 1 .9 g of 39f. 

39g. 1^2-rr(4>aminothienor3.2c1pvridin-2-vnmethvlirbenzovllam ino1-l-oxoethvn-4> 
methvlpiperidine (compound of formula (Id ^ with n = 0. X = S. R ] Y = benzoyl. R 4 = H. NR 7 R 8 = 
4-methvlpiperidinvn 

15 290 mg of 39f was treated with 6 mL of 25 vol% trifiuoroacetic acid in dichloromethane for 30 
minutes at room temperature. The resin was filtered off and washed with dichloromethane, 2- 
propanol and dichloromethane. The resin was washed three times with 6 mL 
dichloromethane/N,N-dimethylformamide (3:2 v/v) containing 150 |il N,N-diisopropylethylamine 
and immediately reacted with 105 mg benzoic acid in 6ml dichloromethane/N,N- 

20 dimethylformamide (3:2 v/v) containing 150 \xl of N,N-diisopropylethylamine and 400 mg of 
bromotripyrrolidinophosphonium hexafluorophosphate (PyBrop). The suspension was shaken for 
90 minutes at room temperature. The resin was filtered off and washed with dichloromethane/ 1 - 
methyl-2-pyrrolidinone (3:2 v/v), followed by washings with 1 -methyl -2 -pyrrolidinone, 2- 
propanol and l-methyl-2-pyrrolidinone. The reaction turned out to be not complete (chloranil 

25 test). The resin was reacted with 105 mg benzoic acid in 6 mL dichloromethane/N,N- 
dimethylformamide (3:2 v/v) containing 150 |il of N,N-diisopropylethylamine and 400 mg of 
PyBrop. The suspension was shaken for 60 minutes at room temperature. The resin was filtered 
off and washed with dichIoromethane/l-methyl-2-pyrrolidinone (3:2 v/v), followed by washings 
with l-methyl-2-pyrrolidinone, 2-propanol and 1 -methyl-2-pyrrolidinone.The chloranil test 

30 revealed complete conversion. 
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34 mg of the resin was suspended in 1 mL of a 0.5 M solution of 4-methytpiperidine in distilled 
tetrahydrofuran and shaken for 16 hours at room temperature. The resin was filtered off and 
washed with dichloromethane and methanol. The filtrates were collected and concentrated to 
dryness. The residue was dissolved in 1 mL ethylenediamine/ethanol (1:1 v/v) and shaken for 16 
5 hours at room temperature. The reaction mixture was evaporated to dryness. The residue was 
dissolved in dichloromethane, applied to a silica gel column, and eluted with a gradient 
dichloromethane / methanol = 95/5 v/v -> dichloromethane / methanol = 9/1 v/v. The UV 
positive fractions were pooled and evaporated to dryness yielding 7 mg of 39g. 

10 Table 39 

Solid-phase synthesis of compounds of formula (Id^ with n = 0. X =S. R ! Y = R'CfO). R 4 = H. 
Using the procedure described for example 39g the carboxylic acids of structure R'C(0)OH 
corresponding to R ! C(0) in Table 39 were coupled to derivatized resin 39f. 34 mg portions of 
the resulting resins were treated with amines of structure NHR 7 R 8 as depicted in Table 39. When 
15 3,4-dimethoxyaniline, 5-aminoindane or 4-aminobiphenyl was used as amine, the resin was 
suspended in 1 mL of a 0.5 M solution of amine in distilled tetrahydrofuran containing 2% acetic 
acid and was shaken for 3 days. Work-up of the samples was performed as described for 39g. 

All compounds were characterised by reversed phase liquid chromatography on a Supelcosil LC- 
20 18-DB column using following conditions: Flow: 1.0 ml/min; Buffers A: water, B: 
acetonitrile/water (9:1 v/v), C: 0.5M phosphate buffer pH=2.1; Gradient : 0->45 min 75%A- 
5%B-20%C -> 15%A-65%B-20%C. UV-detection at 210nm. Retention times are given in 
minutes in Table 39. 



25 
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Table 39 : RP-HPLC retention times for example 39 
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Example 40 

fS^rfl-(2-[Fn-amino-6"isoauinolinvlkarbonvHaminol-l-oxoDronvnpiperidin-4- 
vHoxvlacetic acid hydrochloride 

5 40a. [ 1 -(Benzovlamino V6-isoquinolinvllcarboxvlic acid 

To a stirred solution of 400 mg sodium chlorite and 80 mg sodium dihydrogen phosphate in 2.5 
mL of water and 2.5 mL of dimethylsulfoxide in a cooling bath at room temperature was added 
dropwise a solution of 510 mg N-(6-formyl-l-isoquinolinyl)benzamide (If) in 2.5 mL of 
dimethylsulfoxide. After 1 6 hours at room temperature a solution of 1 70 mg sodium chlorite in 

10 0.5 mL of water and 1.0 mL of dimethylsulfoxide was added and stirred at room temperature for 
an additional 6 hours. Then 100 mL water was added, the pH adjusted to three using 2N 
hydrochloric acid and the resulting suspension was kept at 5°C for 16 hours. The precipitate was 
collected to afford 450 mg of the title compound. 

TLC: Rf = 0.8, silica gel, ethyl acetate / pyridine / acetic acid / water : 63/20/6/1 1 v/v/v/v. 

15 

40b. (l-Amino-6-isoquinolinvncarboxvlic acid . hydrochloride 

A mixture of 445 mg [l-(benzoylamino)-6-isoquinolinyl]carboxylic acid, 10 mL of acetic acid 
and 20 mL of 4N hydrochloric acid was heated at 100°C for one day. The reaction mixture was 
concentrated and coevaporated with 0.5N hydrochloric acid. The resulting residue was triturated 
20 with diethyl ether to yield 34 1 mg of the title compound. 

'H-NMR 200MHz (CDjOD) 5: 7.35 (1H, dd, J « 1 Hz and J = 7 Hz), 7.63 (1H, d, J = 7 Hz), 
8.30 (1H, dd, J = 2 Hz and J = 8 Hz), 8.49 - 8.57 (2H, m). 

40c. tert-Butvl fSVff l-f2-amino-l-oxopropvnpiperidin-4-vl1oxv1acetic acid, hydrochloride 
25 To a solution of 4.7 g of benzyl (S)-t2-[4-[(tert-butyloxycarbonyl)methoxy]piperidin-l-yl]-l- 
methyl-2-oxoethyl]carbamate (prepared from Z-L-Ala-OH as described in J. Med. Chem. 35, 
4393 (1992) and EP0505868) in 80 mL of methanol were added 5 mL of 2N hydrochloric acid 
and 0.5 g of palladium on carbon (10%) and the mixture was hydrogenated at atmospheric 
pressure. After two hours the mixture was filtered and the filtrate was concentrated to give 3.3 g 
30 of the title compound. 

TLC: Rf = 0.3, silica gel, ethyl acetate / pyridine / acetic acid / water : 63/20/6/1 1 v/v/v/v. 
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40d. tert-Butvl (S)-f|"l-(2-[[(l-amino-6--isoquinolinvncarbonvnarnino1-l-oxopropvnpiperidin-4- 
y1]oxv]acetic acid 

To a solution of 0.33 g (l-amino-6-isoquinolinyi)carboxyIic acid hydrochloride in 20 mL of N,N- 
dimethylformamide were added 0.34 g hydroxybenztriazole, 0.504 mL N-methylmorpholine, 
5 0.525 g tert-butyl (S)-[[l-(2-amino-l-oxopropyl)piperidin-4-yl]oxy]acetic acid hydrochloride 
and 0.425 g l-(3-dimethylaminopropyl)-3-ethylcarbodiimide. After stirring at room temperature 
for three days the mixture was concentrated. Dichioromethane and 1% aqueous sodium 
hydrogencarbonate were added to the residue and the organic layer was separated. The aqueous 
layer was washed four times with dichioromethane, the combined organic layers dried (sodium 
10 sulfate) and concentrated. The residue was purified by chromatography (silica gel, 
dichioromethane / methanol : 10/1 v/v followed by a purification using silica gel, ethyl acetate / 
methanol : 10/1 v/v) to give 0.619 g of the title compound. 
TLC: Rf = 0.4, silica gel, dichioromethane / methanol : 10/1 v/v. 

1 5 40e. (SVrr 1 -f2-IT( 1 -amino-6-isoquinofinvncarbonvl]amino1- 1 -oxopropvnpiperidin-4-vlloxvl 
acetic acid hydrochloride 

To a solution of 594 mg of tert-butyl (S)-[[l-(2-[[(l-amino-6-isoquinolinyl)carbonyl]amino]-l- 
oxopropyl)piperidin-4-yl]oxy]acetic acid in 8 mL of dioxane was added 3 mL 36% hydrochloric 
acid and stirred at room temperature for two hours. The solution was concentrated and 
20 trituration of the residue with diethyl ether yielded 560 mg of the title compound. HPLC 
Supelcosil LC-18-DB column using a gradient elution system of 20% A / 80% B to 20% A / 
20% B / 60% C over 40 min at a flow of 0.25 ml/min(A: 0.5M phosphate buffer pH 2.1, B: 
water, C acetonitril/water 3/2 v/v). Rt = 22.4 min. 

25 Example 41 

Ethvl rSVrtl-(2-fy(l-amino-6'isoquinoiinvlkarbonvllaminol-l-oxoDroDvnniperidin-4- 
vlloxvlacetic acid hydrochloride 

To a stirred solution of 394 mg of (S)-[tl-(2-[[(l-amino-6-isoquinolinyl)carbonyl]amino]-l- 
oxopropyl)piperidin-4-yl]oxy]acetic acid hydrochloride in 10 mL of ethanol at 0°C was added 
30 0.55 mL of sulfuric acid (95 - 98%). The reaction mixture was allowed to warm to room 
temperature and after 2 hours 5 mL of 2N aqueous sodium hydroxide, 20 mL of brine, 20 mL of 
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5% aqueous sodium hydrogencarbonate and 40 mL of dichloromethane was added. The organic 
layer was separated and the aqueous layer was extracted three times with dichloromethane. The 
combined organic layers were dried (sodium sulfate) and concentrated. Purification using column 
chromatography (silica gel, dichloromethane : ethanol = 9 : 1) and lyophilisation (t-butanol / 
5 hydrochloric acid) yielded 265 mg of the title compound. 

Rt = 27.1 min on HPLC Supelcosil LC-18-DB column using a gradient elution system of 20% A 
/ 80% B to 20% A / 20% B / 60% C over 40 min at a flow of 0.25 ml/min (A: 0.5M phosphate 
buffer pH 2.1, B: water, C acetonitril/water 3/2 v/v). 

10 Example 42 

l-[3-M»Aminofurol3,2clnvridin-2~vtV2-f>f7-~methoxv-2-naDhthalenvnsiilfonvllaminol-l- 
oxopropvll-4-inethvlDineridine hydrochloride (42h) 

42a. 4-Aminofurof3.2c1pvridine 

15 Liquid ammonia (150 mL) was added to a solution of 15.3 g (100 mmol) 4- 
chlorofuro[3,2c]pyridine (J.S. New et al., J.Med. Chem. 32, 1 147 (1989)) in 550 mL of ethanol 
in a steel vessel. Nitrogen was pressed upon until an initial pressure of 4 atm was obtained. This 
reaction mixture was heated for 2 days at 200°C. The solvent was removed in vacuo and the 
residue dissolved in water. The pH value was adjusted to pH 10 by adding aqueous sodium 

20 carbonate solution, followed by extraction with ethyl acetate. The organic extract was washed 
with brine and dried (sodium sulfate). Evaporation of the solvent in vacuo gave pure 4- 
aminofuro[3,2c]pyridine. Yield: 12.2 g (91%); m.p. 120-122°C; EI-MS: 134 (M + ). 

42b. N-(fliror3.2c1pvridin'4-vnbenzamide 
25 The procedure described for le was used to prepare 42c from 42b. 'H-NMR 200MHz (CDCI 3 ) 
6: 7.20 - 7.69 (6H, m), 8.17- 8.87 (3H, m). 

42c. N-f2-fhvdroxvmethv0fiiro[3.2c1pvridin-4-vllbenzamide 

To a stirred solution of 1.27 mL of n-butyl lithium (1.6 M in hexane) in 4 mL of tetrahydrofuran 
30 under a nitrogen atmosphere at -78°C was added dropwise a solution of 81mg of N-(4- 
fijro[3,2c]pyridinyl)benzamide in 10 mL of tetrahydrofuran over a period of 15 minutes. After 
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stirring for 20 min a mixture of 0.5 mL of N.N-dimethylformamide and 2 mL of tetrahydrofiiran 
was added fast. The cooling bath was removed, the reaction mixture was allowed to come to 0°C 
and poured into a cold mixture of 1 mL of 2 N hydrochloric acid and 50 mL of brine. The 
mixture was adjusted to pH 6 and extracted with ethyl acetate. The ethyl acetate extract was 
5 dried (magnesium sulfate) and concentrated under reduced pressure. The residue was dissolved 
in 1 mL of tetrahydrofiiran and 4 mL of methanol and 10 mg of sodium borohydride was added 
in small portions. After stirring the mixture at ambient temperature for 10 min, 10 mL of water 
was added, the pH adjusted to 8 using IN hydrochloric acid and tetrahydrofiiran and methanol 
were removed in vacuo. Brine was added and the mixture was extracted with ethyl acetate. The 
10 ethyl acetate extract was dried (magnesium sulfate) and concentrated under reduced pressure. 
The crude product chromatographed on a silica gel column (toluene / ethyl acetate : 1 / 2) 
yielding 45mg of title compound 42c. 'H-NMR 200MHz (CDC1 3 ) 5: 4.74 (2H, s), 6.92 - 6.95 
(1H, m), 7.30 - 7.68 (4H, m), 7.99 - 8.18 (3H, m). 

15 42d. ff4>0)enzovlamino > >furor3.2c]pyridin-2-vllmethvn|'fn .1-dimethvlethoxv^carbonvllamino]- 
propanedioic acid diethyl ester 

The procedure described for lh was used to prepare 42d from 42c. Purification using column 
chromatography on silica gel (toluene : ethyl acetate = 4:1) afforded 16% of title compound 
42d. 'H-NMR 200MHz (CDCI3) 5: 1.3 1 (6H, t, J = 7Hz) t 1.46 (9H, s), 3.89 (2H, s), 4.25 - 4.38 

20 (4H, m), 6.90 (1H, br.s), 7.10 - 7.63 (4H, m), 7.96 - 8.10 (3H, m), 

Elution of the column with ethyl acetate yielded a mixture which was rechromatographed on 
silica gel (ethyl acetate) giving 6% of [(4-aminothieno[3 t 2c]pyridin-2-yl)-methyl][[(l,l- 
dimethylethoxy)carbonyl]amino]propanedioic acid diethyl ester. 1 H-NMR 200MHz (CDCI3) 5: 
1.30 (6H, t, J=7Hz), 1.46 (9H, s), 3.85 (2H, s), 4.23 - 4.38 (4H, m), 6.35 (1H, d, J = 1Hz), 6.75 

25 (1H, dd, J = 1Hz and J = 6Hz), 7.87 (1H, d, J = 6Hz). 

42e. 2-Amino-3-(4-aminofliror3.2c1pvridin-2-vnpropionic acid dihvdrochloride 
This compound was prepared from [2-[4-(benzoylamino)furo[3,2c]pyridinyl]methyl][[(l,l- 
dimethylethoxy)carbonyl]aminol propanediol acid diethyl ester and [(4- 
30 aminothieno[3,2c]pyridin-2-yl)-methyl][[( 1 , 1 -dimethylethoxy)carbonyl]amino]propanedioic acid 
diethyl ester using the procedure described for li. NMR 200MHz (D 2 0) 8: 3.55 (2H, d, J = 
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6Hz), 4.44 (IH, t, J = 6Hz), 7.00 (1H, d, J = 1Hz), 7.1 1 (1H, dd, J = 1Hz and J = 7Hz), 7.66 
(lH,d, J = 7Hz). 

42f- 2-Amino-3-(4>aminofurof3.2c1pvridin>2-vl>propio nic acid methyl ester di hydrochloride 
5 This compound was prepared from 42e using the procedure described for lj. l H-NMR 200MHz 
(CD 3 OD) 8: 3.59 (2H, d, J = 6Hz), 3.90 (3H, s), 4.57 (IH, t, J = 6Hz), 7.21 (1H, d, J = 7Hz), 
7.22 (1H, s), 7.79 (iH, d, J = 7Hz). 

42g 3-(4-Aminofuror3.2c]pvridin-2-ylV2-[^ 
10 acid methyl ester 

Using the procedure described for 11a, the reaction of methyl ester 42f and sulfonyl chloride 12a 
gave the tile compound. l H-NMR 200MHz (CDCI 3 and 20% MeOD) 6: 3.02 - 3.26 (2H, m), 
3.49 (3H, s), 3.94 (3H, s), 4.35 (1H, dd, J = 5Hz and J = 9Hz), 6.46 - 6.51 (2H, m), 7. 16 (1H, d, 
J = 2.5Hz), 7.25 (1H, dd, J = 2.5Hz and J = 9Hz), 7.45 - 7.74 (4H, m), 8. 17 (1H, d, J = 2Hz). 

15 

42h J-r3-r4-Aminofuro[3.2c1pvridin^^ 
oxopropvlM-methvlpiperidine hydrochloride 

Compound 42g was saponified and subsequently coupled with 4-methylpiperidine using the 
procedure described for 4 to give 42h. 'H-NMR 400MHz (CD 3 OD) 5: 0.30 - 0.41 (0.6H, m), 
20 0.61 - 0.84 (1.4H, m), 0.66 ( 1.8H, d, J = 6Hz), 0.81 (1.2H, d, J = 1.2H), 1.37 - 1.68 (3H, m), 
2.15 - 2.23 (0.4H, m), 2.41 - 2.50 (0.6H, m), 2.88 - 3.14 (3H, m), 3.86 -3.95 (1H, m), 3.96 (3H, 
s), 4.07 - 4.22 (1H, m), 4.68 - 4.78 (1H, m), 6.80 (0.4H, s), 6.85 (0.6H, s), 6.93 (0.4H, d, J - 
7Hz), 6.97 (0.6H, d, J = 7Hz), 7.27- 7.31 (2H, m), 7.49 - 7.58 (2H, m), 7.77 - 7.82 (2H, m), 
8.13 (0.4H, d, J = 2Hz), 8.15 (IH, d, J = 2Hz). 

25 

Example 43 

l-r3.(4. am inothienor3,2clnvridi 

jsoflHinojiaxU sulfonvllaminol-l-oxoDroDvll-4-methvlpiperidine (43c) 



30 



43a. 2-Trifluoroacetvl- 1 .2.3.4-tetrahvdroisoquinoline 
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This intermediate was prepared using the experimental procedure described for 3 irifluoroacetyl- 
2,3,4,5-tetrahydro-lH-3-benzazepine (preparation 3b) in WO 95/13274). The crude product was 
distilled at reduced pressure (p = 1.2 mbar, T = 95 - 1 10°C) yielding 77% of title compound 43a. 

5 43b, f2-trifluoroacetvl- 1 > 2.3.4-tetrahvdro-7-isoquinolinvnsulfonvl chloride 

This compound was obtained by the method described in J.Med. Chem. 23, 837 (1980). 
Crystallization from ether yielded 65% of title compound 43b ( rf = 0.34; silica gel: heptane / 
ether = 4/6). 

10 43c J-[3-(4-aminothienof3.2c1pvridm^^ 

isoquinoiinvD sulfonvllaminol- 1 -oxopropvl "1-4-methvlpiperidine 

To 0.56 g of 1,1-dimethylethy! [l-[(4-aminothieno[3,2c]pyridin-2-yl)methyl]-2-oxo-2-[l-(4- 
methylpiperidinyl)ethylcarbamate (30a) in 16 mL of dichloromethane was added 16 mL of 
trifluoroacetic acid. After stirring for 1.5 hours at room temperature the reaction mixture was 

15 concentrated and coevaporated with toluene. The residue was dissolved in 20 mL of 
dichloromethane and 0.56 mL of triethylamine, cooled at 0°C and 0.49 g of (2-trifluoroacetyl- 
l,2,3,4-tetrahydro-7-isoquino!inyl)sulfonyl chloride in 8 mL of dichloromethane was added 
dropwise. The pH of the reaction mixture was adjusted to 8 - 9 with triethylamine (an additional 
0.22 mL was required). After stirring for 0.5 hours at room temperature water was added, the 

20 pH was adjusted to 8 - 9 and the mixture was extracted with dichloromethane. The extract was 
dried (magnesium sulfate) and concentrated. Purification on silica gel (dichloromethane / 
methanol: 95 / 5 v/v) yielded 0.69 g of title compound 43c. l H-NMR 200MHz (CDCI 3 ) 5: 0.62 - 
0.93 (4H, m), 1.35 - 1.68 (3H, m), 2.18 - 3.30 (UH, m), 3.60 - 3.92 (3H, m), 4.18 - 4.62 (2H, 
m), 4.70 - 4.77 (2H, m), 6.98 - 7.30 (3H, m), 7.52 - 7.62 (2H, m), 7.72 - 7.80 (1H, m). 

25 

Example 44 

M3-i4-aminothienot3.2c1nvridin-2^ 
aminoM-oxoproDvll-4-methvlpiperidine 

Using the experimental procedure described in "preparation 23" of patent WO 95/13274 (Pfizer) 
30 0.64 g of 43c yielded 0.43 g of 44 after crystallization from ethanol. 'H-NMR 200MHz (CDCI 3 , 
10% CD3OD) 5: 0.05 - 0.98 (4H, m), 1.34 - 1.68 (3H, m), 2.15 - 2.58 (1H, m), 2.64 - 3.77 
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(12H, m), 3.91 - 3.99 (2H, m), 4.19 - 4.38 (1H, m), 4.45 - 4.57 (1H, m), 7.01 - 7.17 (3H, m), 
7.39 - 7.53 (2H, m), 7.74 and 7.78 (1H, 2x s). 

Example 45 
5 l-f:W4-aminothienof3,2clpvridin^^ 

isoauSnolinvHsulfonvllaminol-l-oxonropvH-4-niethvlniDeridine dihvdrochloride 

To 91 mg of 44 dissolved in 5 mL of tetrahydrofuran under a nitrogen atmosphere was added 
127 mg of potassium carbonate and 90 \x\ of 2-iodopropane. After stirring at 65 °C for one day 
an additional 1 20 mg of potassium carbonate and 90 jal of 2-iodopropane were added and the 

10 reaction mixture stirred at 65 °C for an additional day. The solvent was evaporated and 
dichloromethane and water were added. The organic layer was separated, dried (magnesium 
sulfate) and concentrated. Purification by chromatography on silica gel using dichloromethane : 
methanol = 85 : 15 (v/v) yielded 41 mg of free base. Treatment of this free base with 2 
equivalents hydrogen chloride and lyophilisation yielded the title compound. l H-NMR 400MHz 

15 (CD 3 OD) 5: 0.68 and 0.94 (3H, 2x t, J = 6Hz), 1.46 (6H, d, J « 7Hz), 4.62 (1H, t, J = 7Hz), 
7.30 - 7.39 (2H, m), 7.54 - 7.72 (4H, m), 0.21 - 4.52 (remaining protons, m). 

Example 46 

l-f3-(4-aminothienof3 < 2c1pvridin-2-vlV2>tff2-methvlsulfonvl-l < 2,3.4-tetrahvdro-7» 
20 isoquinolinvnsulfonvllamino|-l-oxoDronvll-4-methvlniDeridine hydrochloride 

A mixture of 99 mg of 44, 4 mL of dichloromethane and 0.98 mL of triethylamine was cooled at 
0°C. A total of 0.43 mL of methanesulfonylchloride was added in small quantities and the 
reaction mixture was stirred 8 hours at 0°C. The reaction mixture was diluted with 
dichloromethane and washed with water, dried (magnesium sulfate) and concentrated. 

25 Purification by chromatography on silica gel using dichloromethane : methanol =9:1 yielded 
free base. Treatment of this free base with one equivalent hydrogen chloride and lyophilisation 
yielded 88 mg of title compound 46. 'H-NMR 400MHz (CD 3 OD) 5: 0.30 - 0.94(2H, m), 
0.71and 0.91 (3H, 2x t, J = 6Hz), 1.45 - 1.66 (3H, m), 2.23 - 3.20 (6H, m), 2.91 and 2.93 (3H, 
2x sX 3.47 - 3.58 (2H, m), 3.75 - 3.93 (1H, m), 4.1 1 - 4.32 (1H, m), 4.38 and 4.42 (2H, 2x s), 

30 7.24 - 7.40 (2H, m), 7.51 - 7.61 (4H, m) 
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Example 47 

l.|3-(4-aminothtenof3«2clpyridin-2-^ 

isoquinolinvnsulfonvl1aminol-1«oxoproDvH-4>methvlDineridine hydrochloride (47b) 
47a. r2>trifluoroacetvl-K2.3.4-tetrahvdro-6 -isoquinolinvnsulfonvl chloride 
5 The mother liquor obtained in the synthesis of 43b was subjected to column chromatography on 
silica gel (heptane / ether = 4/6) affording title compound 47a ( rf = 0.46; Si0 2 : heptane / ether 
= 4/6). 

47b. N[3-f4-aminothienof3.2c1pvridin-2-vlV24r^>trifluoroacetvl-1.2.3.4-tetrahydro-6- 
10 isoquinolinvnsulfonvl]amino]- 1 -oxopropvl]-4-methyIpiperidine hydrochloride 

Using the experimental procedure described for 43c, 30a was deprotected and coupled with 47a 
to yield compound 47b. ,9 F-NMR 188MHz (CD 3 OD) 5: -71.7. 

Example 48 
15 M3-0*-aminothienol3.2clpvndin-2-vn^ 

aminol-l-oxopropvll-4-methvlpineridine hydrochloride 

The procedure described for 30b was used to couple 30a with 4-methoxy-2,3,6- 
trimethylphenylsulfonyl chloride to give the title compound. 'H-NMR 400MHz (CD 3 OD) 5: 0.38 
- 0.97 (2H, m), 0.74 and 0.88 (3H, 2x t, J = 7Hz), 1.29 - 1.62 (3H, m), 1.99 and 2.01 (3H, 2x s), 
20 2.27 - 3.3 (4H, m), 2.46 (3H, s), 2.50 (3H, s),3.65 - 3.81 (1H, m), 3.81 and 3.82 (3H, 2x s), 4.19 
-4.47 (2H, m), 6.61 (1H, s), 7.31 - 7.34 (1H, m), 7.48 - 7.50 (1H, m), 7.56 - 7.60 (1H, m) 

Example 49 

4,|3,(4,aminothienor3,2clnvridin-2-vn-2-t[(7-methoxv-2-naphthalenvnsulfonyl1amino1-l- 
25 oxonropyll-N,N-dimethviamino-l-piperazinecarboxamide hydrochloride (49b) 

49a. N.N-dimethvlamino-l-piperazinecarboxamide hydrochloride. 

To a solution of 1.92 g l-(l,l-dimethylethyloxycarbonyl)piperazine in 1 1 mL of dichloromethane 
and 1.5 mL of triethylamine at room temperature was added dropwise 1 mL of 
30 dimethylcarbamylchloride. After 16 hours 5% aqueous sodium hydrogencarbonate and 
dichloromethane were added, the organic layer separated, dried over magnesium sulfate and 
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concentrated. Column chromatography on silica gel (dichloromethane / methanol = 95/5 v/v) 
yielded 1.34 g 1 -( 1 , 1 -dimethylethyloxycarbonyl)-4-(dimethylaminpcarbony!)piperazine. This 
compound was dissolved in a 3N hydrogen chloride solution in methanol at 0°C After 15 min the 
reaction mixture was allowed to warm to room temperature and After stirring for 3 days at room 
5 temperature the reaction mixture was concentrated to give 1.06 g of 1- 
(dimethylaminocarbonyl)piperazine hydrochloride, rf = 0.29, Si0 2 : dichloromethane / methanol = 
4 / 1 v/v. 

49b. 4-[3-(4-aminothieno[3>2c1pvridin-2-vlV2-f[n-methoxy-2-naphthalenvnsulfonvl1amino1-l- 
10 oxopropvll-N.N-dimethvlamino- 1 -piperazinecarboxamide hydrochloride 

Using the procedure described for 2b, 49a was coupled with 14a to give compound 49b. *H- 
NMR 200MHz (CD 3 OD) 6: 2.55 - 3.64 (6H, m), 2.78 (6H, s), 3.94 (3H, s), 4.63 (1H, dd, J = 
9Hz and J = 5Hz), 7.20 - 7.59 (6H, m), 7.76 - 7.84 (2H, m), 8. 15 - 8. 18 (1H, m). 

15 Example 50 

l.[3-r4-aminothienof3,2clDvridin-2-vn-2-f[(7-nitrodihenzoftirnn-2-vnsulfonvllaminol-l- 
oxopropyll-4-methvlpineridine hydrochloride (50b) 

50a. (7-Nitrodibenzofuran-2-vDsulfonvlchloride 

20 To a stirred solution of 100 mg of 3-nitrodibenzofuran in 1.7 mL of dichloromethane at -20°C 
under a nitrogen atmosphere was added 0.44 mL chlorosulfonic acid in small portions. The 
reaction mixture was allowed to slowly warm to room temperature and stirred for 66 hours at 
room temperature. The reaction mixture was poured into ice-cold water, extracted four times 
with dichloromethane, dried (magnesium sulfate) and concentrated. Purification on silica gel 

25 (dichloromethane) yielded 129 mg of 50a: rf = 0.73. 

50b. l.[3-(4-aminothienor3.2c1pvridin-2-vlV2-[ff7-nitrodibenzoairan-2-vnsulfonvl1amino1-U 
oxopropvlV4-methvlpiperidine hydrochloride 

The procedure described for 30b was used to couple 30a with 50a giving title compound 50b. 
30 'H-NMR 400MHz (CDCl 3 ) 6: 0.39 and 0.81 (3H, 2x d, J = 6Hz), 0.06 - 3.34 (9H, m), 3.88 - 
4.19 (m, 2H), 4.71 - 4.79 (1H, m), 6.82 - 8.86 (12H, m). 
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Example 51. 

r2SVN-fl-f(l-amino-6-isoauinolinvnmethvll>2>oxo-2-n-DiDeridinvnethvll-4-(4- 

moroholinvlM'Oxo-2-f(4-methoxv-23,6-trimethvlphenvlsu1fonvnaminolbutanamide 

hydrochloride 

5 

51a. r2SV4-M-MoroholinvlV4-oxo>2-[r4-methoxv-2J.6-trimethvlphenvlsulfonvnamino'| 
butanoic acid 

2.45 g of Fmoc-Asp-OtBu was dissolved in 10 mL of dichloromethane and 0.63 mL of 
morpholine and 2.05 g of 2-(lH-benzotriazol-l-yl)-l,l,3,3-tetramethyluronium tetrafluoroborate 

10 were added. The pH of the reaction mixture was kept at 8 using triethylamine. After stirring 1 
hour at room temperature aqueous 5% sodium hydrogencarbonate was added to the reaction 
mixture. The organic layer was separated, washed with water, dried over magnesium sulfate and 
concentrated. The residue was dissolved in 20 mL of N,N-dimethyiformamide and 5 mL of 
piperidine was added. After stirring 1 hour at room temperature the reaction mixture was 

15 concentrated, the residue was dissolved in ethyl acetate and extracted several times with ice-cold 
water adjusted to pH 3 with IN hydrochloric acid. The combined water layers were saturated 
with sodium chloride, made basic (pH 9) using 2N sodium hydroxide and extracted with 
dichloromethane. The combined dichloromethane layers were dried over magnesium sulfate and 
concentrated. The residue was dissolved in 30 mL of dichloromethane and 1.4 mL of 

20 triethylamine and 2.5 g of 4-methoxy-2,3,6-trimethylphenyIsulfonylchloride (Mtr-chloride) were 
added. After stirring 2 hours at room temperature aqueous 5% sodium hydrogencarbonate was 
added to the reaction mixture and extracted three times with dichloromethane. The combined 
dichloromethane layers were dried over magnesiumsulfate and concentrated. The residue was 
dissolved in 40 mL of dichloromethane, 10 mL of trifluoroacetic acid was added and stirred at 

25 room temperature for one hour. The reaction mixture was concentrated and coevaporated twice 
with toluene. Dichloromethane and water were added to the residue and the mixture was made 
basic (pH 9) using aqueous 2N sodium hydroxide. The aqueous layer was separated and washed 
with dichloromethane. The dichloromethane layers were washed with aqueous 5% sodium 
hydrogencarbonate. The combined basic aqueous layers were made acid (pH 2) using 2 N 

30 hydrochloric acid and three times extracted with dichloromethane. The combined 
dichloromethane layers were dried over magnesium sulfate and concentrated to give 1.94 g of 
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compound Sla. 'H-NMR 200MHz (CDCb) 5: 2.14 (3H, s), 2.60 (3H, s), 2.65 (3H, s), 2.83 - 
3.98 (1 1H, m), 3.85 (3H, s), 6.05 (1H, d), 6.57 (IH, s). 

51 b. r2SVN-r 1 -1Y 1 -amino-6-isoquinolinvnmethvl1-2-oxo-2-( 1 -piperidinvnethvl]-4-f4- 
5 morpholinvlV4-oxO'2-f(4-methoxv-2J.6-trimethvlphenvlsulfonvnamino]butanarnide 
hydrochloride 

The procedure described for 5c was used. Deprotection of 5a and coupling with Sla yielded 
after purification the title compound (79%) as a mixture of diastereomers (1:1). l H-NMR 
200MHz (CD3OD) 8: 1.30 - 1.51 (6H, m), 2.14 (3H, s), 2.51 and 2.53 (3H, 2x s), 2.63 (3H, s), 
10 2.31 - 3.62 (16H, m), 3.84 and 3.86 (3H, 2x s), 3.99 - 4.15 (IH, m), 5.08 - 5.21 (1H, m), 6.75 
and 6.76 (1H, 2x s), 7.18 - 7.25 (IH, m), 7.52 - 7.81 (3H, m), 8.25 - 8.37 (1H, m). 

Example 52. 

r4SV5-rrMa-amino-6-isoquinolinvnmethvn-2-oxo-^^ 
15 methoxv-2.3.6-trimethvlphenvn5ulfonvllaminol-5-oxo-ncntanoic acid ethvlester 
hydrochloride 

The procedure described for 5c was used. Deprotection of 5a and coupling with Mtr-Glu(OEt)- 
OH (prepared from Fmoc-Glu-OtBu, ethanol and Mtr-chloride according to the procedure 
described for Sla) yielded after purification the title compound (76%) as a mixture of 
20 diastereomers (1:1). l H-NMR 400MHz (CD 3 OD) 8: 1.15 - 2.32 (1 1H, m) % 2.13 (3H, s), 2.40 and 
2.42 (3H, 2x s), 2.44 and 2.47 (3H, 2x s), 2.75 - 4.08 (1 IH, m), 4.99 - 5.19 (IH, m), 6.71 and 
6.72 (IH, 2x s), 7.16 - 7.20 (IH, m), 7.51 - 7.76 (3H, m), 8.30 - 8.36 (IH, m). 

Example 53. 

25 (3Sy4-H4-Hl-Hn-amino-6-isoquinolinvnmet^^ 

rr(4-methoxv-23>6-trimethvlnhenvnsulfonvllaminol-U4-dioxobutvl1aminolbutanoic acid 
ethyl ester hydrochloride 

The procedure described for 5c was used. Deprotection of 150 mg of 5a and coupling with 189 
mg of Mtr-Asp(NH-(CH 2 ) 3 COOEt)-OH (prepared from Fmoc-Asp-OtBu and 4-aminobutanoic 
30 acid ethyl ester using the procedure described for Sla) yielded after purification compound 53 
(155 mg) as a mixture of diastereomers (1:1). 'H-NMR 400MHz (CD 3 OD) 6: 1.22 (3H, t, J = 
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7Hz), 1.05 - 1.74 (8H, m), 2.12 (3H, s), 2.24 - 2.48 (4H, m), 2.53 (3H, s), 2.62 (3H, s), 2.89 - 
3.56 (8H, m), 3.81 (3H, s), 3.85 (3H, s), 3.99 - 4.13 (3H, m), 5.02 - 5.16 (IH, m), 6.72 and 6.73 
(1H, 2x s), 7.1 1 - 7.15 (1H, m), 7.53 - 7.70 (3H, m), 8.21 - 8.26 (IH, m). 

5 Example 54. 

r2SVN-ll-ra-amino-6-isoauinol^ 

2-3.6-trimethvIphenvnsulfonvllaminoM-methvlnentanamid^ hydrochloride 

The procedure described for 5c was used. Deprotection of 75 mg of 5a and coupling with 72 mg 
of (2S)-2-[[(4-methoxy-2 t 3 1 6-trimethylphenyl)sulfonyl]amino]-4-methylpentanoic acid (prepared 

10 from L-leucine and 4-methoxy-2,3,6-trimethylphenylstilfonylchloride using the procedure 
described for 5b) yielded after purification the title compound (65 mg) as a mixture of 
diastereomers (1:1). ! H-NMR 400MHz (CD^OD) 5: 0.50 and 0.68 (3H, 2x d, J = 7Hz), 0.61 and 
0.79 (3H, 2x d, J = 7Hz), 0.97 - 1.65 (9H, m), 2.13 (3H, s), 2.54 and 2.56 (3H, 2x s), 2.61 and 
2.62 (3H, 2x s), 2.76 - 3.68 (7H, m), 3.78 and 3.84 (3H, 2x s), 4.98 - 5.02 and 5.18 - 5.22 (IH, 

15 2x m), 6.71 (IH, s), 7.16 - 7.19 (IH, m), 7.53 - 7.78 (4H, m), 8.29 - 8.34 (IH, m). 

Example 55. 

f2SyNWMn-amino-6-isoquinoIinvnmethv 

methoxv-2.3.6-trimethvlphenvnsulfonvllaminolnronanamide hydrochloride 

20 To a solution of 0.5 g of L-phenylalanine t-buty! ester hydrochloride in 4 mL of N,N- 
dimethylformamide were added 0.67 g of 4-methoxy-2 > 3,6-trimethylphenylsulfonyIchIoride and 
0.96 mL of N,N-diisopropylethylamine. After stirring for 2 hours at room temperature the 
reaction mixture was concentrated and the residue dissolved in ethyl acetate. The ethyl acetate 
solution was washed with aqueous potassium hydrogensulfate (5%), water, aqueous sodium 

25 hydrogencarbonate (5%) and brine, dried over magnesium sulfate and concentrated. The residue 
was dissolved in 16 mL of dichloromethane and 4 mL of trifluoroacetic acid was added. After 
stirring for 2h at room temperature the reaction mixture was concentrated. Dichloromethane and 
aqueous sodium hydrogencarbonate (5%) were added to the residue (the mixture was basic), the 
aqueous layer separated and washed with dichloromethane. The aqueous layer was made acid 

30 (pH 2) using 2 N hydrochloric acid and several times extracted with dichloromethane. The 
combined dichloromethane layers were washed with brine, dried over magnesium sulfate and 
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concentrated to give 0.65 g of (2S)-2-[[(4-methoxy-2,3 t 6-trimethylphenyl)sulfonyI]amino]-3- 
phenyipropanoic acid. This acid (80 mg) was coupled with deprotected 5a (75 mg) according to 
the procedure described for 5c to afford compound 55 (55 mg) as a mixture of diastereomers 
(1:1). 'H-NMR 400MHz (CD 3 OD) 6: 1.25 - 1.67 (6H, m), 1.97 and 1.99 (3H, 2x s), 2.12 and 
5 2.17 (3H, 2x s), 2.45 - 3.54 (8H t m), 2.49 (3H, s), 3.81 and 3.85 (3H, 2x s), 3.82 - 3.92 (1H, m), 
5.13 - 5.28 (1H, m), 6.61 (1H, s), 6.84 - 7 07 (5H, m), 7.17 - 7.21 (1H, m), 7.50 - 7.56 (1H, m), 
7.65 - 7.69 (1H, m), 7.76 - 7.82 (1H, m), 8.30 - 8.35 (1H, m). 

Example 56. 

10 (3SV4-Ffl-rn-amino-6-isoauinolinvnmetlivlI-^^^ 

f[(DhenvImethvl)sulfonvllamino1-4-oxo-butanoic acid hl-dimethvlethvlester hydrochloride 
The procedure described for 5c was used. Deprotection of 100 mg of 5a and coupling with 95 
mg of (2S)-[[(phenyimethyl)sulfonyI]amino]butanedioic acid 4-( 1 , 1 -dimethylethyl)ester (pre- 
pared from Asp(OtBu)-OH and phenylmethylsulfonylchloride using the procedure described for 

15 5b) yielded the title compound (133 mg) as a mixture of diastereomers (1:1). ! H-NMR 400MHz 
(CD 3 OD) 5: 0.83 - 1.69 (6H, m), 1.41 and 1.42 (9H, 2x s), 2.42 - 2.63 (2H, m), 3.09 - 3.61 (6H, 
m), 4.01 -4.38 (3H, m), 5.22 - 5.31 ( IH, m), 7. 13 - 7.80 (9H, m), 8.25 - 8.30 (1H, m). 

Example 57. 

20 r3SV^-rri-in>amino-6-isoquinolinvnmethvll-2-oxo-2-(l-pineridinvnethvnaminol-3--llf4- 
methoxvphenvnsulfonvilaminol-4-oxo-butanoic acid Kl-dimethylethvlester hydrochloride 
The procedure described for 5c was used. Deprotection of 100 mg of 5a and coupling with 99 
mg of (2S)-[[(4-methoxyphenyl)sulfonyl]amino]butanedioic acid 4-(l , l-dimethylethyl)ester 
(prepared from Asp(OtBu)-OH and 4-methoxyphenylsulfonylchloride using the procedure 

25 described for 5b) yielded the title compound (85 mg) as a mixture of diastereomers (1:1). ! H- 
NMR 400MHz (CD 3 OD) 5: 1.25 - 1.67 (6H, m), 1.32 and 1.35 (9H, 2x s), 2.18 - 2.48 (2H, m), 
3.96 - 3.55 (6H> m), 3.83 and 3.86 (3H, 2x s), 4.04 - 4.14 (1H, m), 5.05 - 5.17 (1H, m), 6.99 - 
7.05 (2H, m), 7.19 - 7.23 (1H, m), 7.51 - 7.79 (5H, m), 8.30 - 8.36 (1H, m). 



WO 98/47876 



82 



PCT/EP98/02455 



Example 58. 

N-ri-(4-Amino-thienot3,2-c1pvri^^ 
4^etrahvdropvran-4-vloxvVbenzenesulfonnmide (58c) 

5 S8a. 4-(4-Bromo-DhenoxvVtetrahvdropvran 

A mixture of 4.0 mL of diethyl-azodicarboxylate in 20 mL of dry tetrahydrofiiran was added at 
5°C to a stirred solution of 3.5 g of 4-bromo-phenol, 2.4 mL of 4-hydroxy-tetrahydropyran and 
6.6 g triphenylphosphine in 75 mL of tetrahydrofiiran within 30 minutes. Stirring was continued 
at room temperature for 72 hours. The solvent was evaporated in vacuo and the residue 
10 chromatographed on silica gel (ethyl acetate) yielding 5.6 g of 4-(4-bromo-phenoxy)- 
tetrahydropyran as a white solid. M.p. 53-55°C, EI-MS: 256 (M~). 

58b. 4'(Tetrahvdropvran>4-vloxvVbenzenesulfonvl chloride 

To a solution of 2.8 g of 4-(4-Bromo-phenoxy)-tetrahydropyran in 75 mL of dry tetrahydrofiiran 
was added 7.5 mL of n-butyllithium (1.6 N in hexane) at -78°C. After stirring at -78°C for 2 
hours the reaction mixture was allowed to warm to «40°C and a solution of 4. 1 mL of sulfuryi 
chloride in 75 mL of dry hexane was added within 1 5 minutes. Stirring was continued for 1 hour 
at -30°C and subsequently for another hour at 5°C. The mixture was poured on ice, extracted 
with diethyl ether and the ether extract washed with cold water and brine, dried (sodium sulfate), 
and concentrated. The residue was purified by silica chromatography (isohexane/ethyl acetate = 
4/1) yielding 0.62 g of 4-(tetrahydropyran-4-yloxy)-benzenesulfonyl chloride as a colorless oil. 
EI-MS: 276 (NT). 

58c. N-f 1 -(4- Amino-thienof 3 .2-c1pvridin-2-vlmeth vl V 2-( 4-methvl-piperidin- 1 -vl V2-oxo-ethyl V 
25 4-(tetrahvdropvran-4-yloxvVbenzenesulfonamide 

10 mL of a saturated solution of hydrogen chloride in diethyl ether were added dropwise to a 
mixture of 210 mg of 30a in 15 mL of dry dichloromethane and the reaction mixture was stirred 
for one hour at room temperature. The solvent was removed in vacuo. 20 mL of 
dichloromethane were added and subsequently removed in vacuo in order to get rid of traces of 
30 moisture. This procedure was repeated twice. The residue was dissolved in 15 mL of 
dichloromethane and 0.7 mL of triethylamine and 207 mg of 4-(tetrahydropyran-4-yloxy)- 
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benzenesulfonyl chloride in 1 5 mL of dry dioxane were added dropwise. After stirring at room 
temperature for 48 hours the solvents were evaporated in vacuo, the residue redissolved in ethyl 
acetate, washed with water and brine, dried (sodium sulfate), and concentrated. Purification by 
silica chromatography (ethyl acetate/methanol = 98/2, 96/4, 94/6, 92/8 v/v) gave 100 mg of 58c. 
5 M.p. 127-129°C, EI-MS: 558 (Ivf ). 

Example 59. 

N-ll-f4-Amino-thienor3.2-c1pvridin-2^ 

4-(tetrahvdronvran-4-vloxvmethvlVbenzenesulfonamide (59c) 

10 

59a. 4-(4-Bromo-benzvloxvVtetrahvdropvran 

A mixture of 2.90 mL of 4-hydroxy-tetrahydropyran in 30 mL of dry N,N-dimethylformamide 
was added dropwise to a stirred suspension of 0.84 g of sodium hydride (95%, dispersion in 
mineral oil) in 30 mL of dry N,N-dirnethylformamide at 5°C. The resulting clear solution was 

15 allowed to come to room temperature and stirring was continued for 24 hours, followed by 
dropwise addition of 9.40 g of 4-bromo-benzylbromide in 50 mL of dry N,N-dimethylformamide 
at 5°C and stirring at room temperature for 24 hours. The mixture was poured into water and 
extracted with ethyl acetate. The combined extracts were washed with water and brine, dried 
(sodium sulfate), and concentrated. The residue was purified by silica chromatography 

20 (isohexane/ethyl acetate = 9/1, 8/2, 7/3, 6/4 v/v) yielding 5.40 g of 4-(4-bromo-benzyloxy)- 
tetrahydropyran as an oil. EI-MS: 270 (M* ). 

59b. 4-(Tetrahvdropvran-4-vloxvmethvO-benzenesulfonyl chloride 

This compound was prepared from 0.68 g of 4-(4-bromo-benzyloxy)-tetrahydropyran, 2 mL of 
25 n-butyllithium (1.6 N in hexane) and 0.81 mL of sulfuryl chloride using the procedure described 
for 58b. Yield: 0.70 g (oil), 'H-NMR (D 6 -DMSO): 8 = 1.41 (m, 2H), 1.86 (m, 2H), 3.32 (m, 
2H), 3.54 (m, IH), 3.79 (m, 2H), 4.53 (s, 2H), 7.30 (d, 2H), 7.61 (d, 2H). 

S9c. N-[l-(4-Ajnino-thienof3.2-c1pvri^^ 
30 4-ftetrahvdropvran-4-yloxvmethvn-benzenesulfonamide 
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This compound was prepared from 218 mg of 4-(tetrahydropyran-4-yloxymethyI)-benzene- 
sulfony! chloride and 210 mg (0.5 mmol) 30a using the procedure described for 58c. Yield: 100 
mg, m.p. 124-128°C, (+)-FAB-MS: 573 (MH + ). 

5 Example 60. 

N-n-r4-Amino-thieno[3.2-clpvridin^ 
4-(2-methoxv-ethoxvVbenzenesulfonainide (60c) 

60a, (2-Methoxv-ethoxvVbenzene 

10 A mixture of 4.70 g of phenol and 35 mL of dry N,N-dimethylformamide was added dropwise to 
a stirred suspension of 1.30 g of sodium hydride (95%, dispersion in mineral oil) in 15 mL of dry 
N,N-dimethylformamide at 5°C. Stirring was continued for 2 hours at 5°C, followed by dropwise 
addition of 5.20 mL of 2-bromoethyl methyl ether (technical grade, 90%) at 5°C. The mixture 
was allowed to come to room temperature and stirring was continued for 72 hours. The mixture 

15 was poured into water and extracted with diethyl ether. The combined extracts were washed 
with water and brine, dried (sodium sulfate) and concentrated to give 5.90 g of (2-methoxy- 
ethoxy)-benzene as an oil. EI-MS: 159 (IvT). 

60b. 4-(2-Methoxv-ethoxyVbenzenesulfonvl chloride 

20 (2-Methoxy-ethoxy)-benzene (4.78 g) was dissolved in 50 mL of chloroform and the solution 
was cooled to -10°C. Chlorosulfonic acid (4 mL) was added dropwise while maintaining the 
temperature of the mixture at -10°C. Stirring was continued for an additional hour at -10°C. The 
precipitated sulfonic acid was isolated by filtration and washed with cold chloroform and with 
cold isohexane (EI-MS: 232 (Ivf), m.p. 130-133°C). 139 mg of the acid were dissolved in 5 mL 

25 of dichloromethane and 125 mg of phosphorous pentachloride was added at 5°C. After stirring 
for one hour at 5°C complete reaction was indicated by TLC. The volatile components were 
removed in vacuo and the crude 4-(2-methoxy-ethoxy)-benzenesulfonyl chloride was used in the 
next step without further purification. 



30 60c. N-[M4-Amino-thienof3.2-c1pvri^ 

4-(2-methoxv-ethoxvVbenzenesulfonamide 
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This compound was prepared from 0.6 mmol 4-(2-methoxy-ethoxy)-benzenesulfonyl chloride 
and 210 mg (0.5 mmol) of 30a using the procedure described for 58c . Yield: 30 mg (white 
crystals), m.p. 210°C (decomp.), EI-MS: 532 (NT). 

Example 61. 

N-ll-{4-Amino-thienof3.2-c^ 

4-f2-methoxv-l-methoxvmethvl-ethoxv)-benzenesulfonamide (610 
61fl. 2-Methoxvmethvl-oxirane 

8.1 mL of methanol and 1.3 g of tetrabutylammonium bromide were dissolved in 20 mL of 10 N 
sodium hydroxide, and 15.7 mL of 2-chloromethyl-oxirane were added under vigorous stirring at 
such a rate that the internal temperature did not exceed 30°C. Stirring was continued at room 
temperature for 24 hours, followed by extraction with diethyl ether. The combined organic 
extracts were dried (sodium sulfate) and the solvents were removed. Distillation afforded 14.0 g 
of 2-methoxymethyl-oxirane as a liquid. B.p. 20-25°C / 12 Torr (reference: Davies, Alwyn G.; 
Hawaii, Jalal A.-A.; Muggleton, Brenda; Tse, Man-Wing; J.Chem.Soc.Perkin Trans.2; 35, 1981; 
1132-1 137: b.p. 35°C / 20 Torr). 

61b. 1 T 3-Dimetho xv-propan-2-ol 

To a stirred solution of 13.2 g of 2-methoxymethyl-oxirane in 75 mL of methanol was added 0.1 
mL of boron trifluoride etherate while stirring at 5°C. Stirring was continued for 24 hours at 
room temperature, followed by removal of the solvent. Distillation afforded 7.0 g of 1,3- 
dimethoxy-propan-2-ol as a liquid. B.p. 75-80°C / 12 Torr (reference: Gilchrist, Purves, 
J.Chem.Soc. 1925, 127, 2739, 2743: b.p. 69.5 - 70.5 / 15 Torr); (+)-FAB-MS: 121 (MH*). 

61c. Methanesulfonic acid 2-methoxv-l-methoxvm ethvi-ethvl ester 

4.3 mL of methanesulfonyl chloride was added dropwise at 5°C to a stirred solution of 6.0 g of 
l,3-dimethoxy-propan-2-ol and 9.0 mL of triethylamine in 60 mL of dichloromethane. Stirring 
was continued for 72 hours at room temperature, followed by extraction with water. The 
combined organic extracts were dried (sodium sulfate) and concentrated and the residue purified 
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by silica chromatography (isohexane/ethyl acetate = 9/1, 8/2, 7/3, 6/4 v/v) yielding 2.5 g of 
methanesulfonic acid 2-methoxy-l-methoxymethyI-ethyl ester as an oil. EI-MS: 198 (M*). 

61d. (2-Methoxv-l«methoxyTTiethvl-ethoxyVberizene 
5 A stirred mixture of 2.0 g of methanesulfonic acid 2-methoxy-l-methoxymethyl-ethyl ester, 1.4 g 
of phenol and 2.8 g of powdered potassium carbonate in 50 mL of dry N,N-dimethyIformamide 
was heated at 90°C for 24 hours. After cooling, water was added at room temperature and the 
mixture extracted with diethyl ether. The combined ether extracts were washed with aqueous 
sodium hydroxide (2 N) and water, dried (sodium sulfate) and concentrated. The crude product 
10 (1.0 g) was used in the next step without further purification. EI-MS: 198 (M + ). 

61e. 4-(2-Methoxv- 1 -methoxvmethvl-ethoxy Vbenzenesulfonvl chloride 

(2-Methoxy-l-methoxymethyl-ethoxy)-benzene (1.0 g) was dissolved in 10 mL of chloroform 
and the solution was cooled to -30°C. Chlorosulfonic acid (1 mL) was added dropwise while 
15 maintaining the temperature of the mixture below -20°C. Stirring was continued in succession for 
one hour at -20°C, for one hour at 5°C and for 30 minutes at room temperature. The mixture 
was poured on ice, the organic layer washed with cold water, dried (sodium sulfate) and 
concentrated yielding 0.8 g of 4-(2-methoxy-l-methoxymethyl-ethoxy)-benzenesuIfonyl chloride 
as an oil. EI-MS: 294 (M*). 

20 

61f. N-fl-(4-Amino-thienof3.2-c1pvridin-2-vlme 
(2-methoxv-1-methoxvmethvl-ethoxvVbenzenesulfonamide 

This compound was prepared from 0.75 mmol of 4-(2-methoxy- 1 -methoxymethyl-ethoxy)- 
benzenesulfonyl chloride and 210 mg (0.5 mmol) of 30a using the procedure described for 58c. 
25 Yield: 120 mg (oil), EI-MS: 576 (M*). 

Example 62. 

Octane-l-sulfonic acid H-f4-amino-thieno[3,2-clpvridin-2-vlmethyn-2-(4-methvl- 
piperidin-l-vD-2-oxo-ethvll-amide 
30 This compound was prepared from 0.15 mL of octane sulfonyl chloride and 210 mg of 30a using 
the procedure described for 58c. Yield: 150 mg; m.p. 101-1 12°C, (+)-FAB-MS: 495 (MH*). 
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Example 63 

7-Methoxv-3.4'dihvdro-lH-isoquinoHne-2-sulfonic acid I l-(4>amino-thienof3>2-clnvridin> 
2^vlmethvIV2-(4-methvl-piperidin-l"VlV2-oxo-ethvlNamide (63g) 

5 63a. Isoquinolin-7-ol 

Aminoacetaldehyde dimethyl acetal (79 g) was added to a solution of 106 g of 3-benzyIoxy- 
benzaldehyde in 1 100 mL of toluene. The mixture was refluxed for 6 hours using a Dean-Stark 
trap and subsequently cooled to 5°C. In a nitrogen atmosphere trifluoracetic acid anhydride (212 
mL) and borontrifluoride etherate (185 mL) were added in succession at such a rate, that the 
10 temperature of the mixture was kept below 10°C. After stirring for 5 days at room temperature 
the precipitated material was separated by filtration, washed with diethyl ether and dissolved in 
750 mL of water. The pH value was adjusted to 9 by adding concentrated aqueous ammonia. 
The precipitated product was separated by filtration, followed by washing with diethyl ether and 
drying in vacuo. Yield: 53.2 g; m.p. 210-218°C; EI-MS: 145 (NT). 

15 

63b. 1 .2.3.4-Tetrahvdro-isoquinolin-7-ol f hvdroacetate^ 

53.2 g of isoquinoIin-7-ol were dissolved in 1000 mL of glacial acetic acid and hydrogenated for 
48 hours at room temperature using pre-hydrogenated platinum dioxide (3.5 g) as catalyst. 
Filtration followed by concentration and addition of 50 mL of acetone gave a clear solution. 
20 Addition of diethyl ether resulted in precipitation of pure l,2,3,4-tetrahydro-isoquinolin-7-oI- 
hydroacetate. Yield: 44.9 g; m.p. 179-1 82°C; EI-MS: 149 (M + ). 

63c. 7-Hydroxy-3.4-dihydro-lH-isoquinoline-2-carboxvlic acid tert-butyl ester 

A mixture of 17.1 g of di-tert-butyl-dicarbonate in 170 mL of dichloromethane was added 

25 dropwise to a stirred suspension of 16.4 g of l,2,3,4-tetrahydro-isoquinolin-7-ol-hydroacetate 
and 32.6 mL of triethylamine in 164 mL of dichloromethane at 5°C. Stirring was continued at 
5°C for one hour, followed by evaporation of the volatiles. The residue was redissolved in ethyl 
acetate and this solution was washed in succession with aqueous acetic acid (1 N), saturated 
sodium hydrogen carbonate solution and brine and dried (sodium sulfate). Removal of the 

30 solvent in vacuo gave pure 7-hydroxy-3,4-dihydro-lH-isoquinoline-2-carboxylic acid tert-butyl 
ester as a solid. Yield: 17.5 g; m.p.l40-142.5°C; EI-MS: 249 (M*). 
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63d. 7-Methoxv-3.4-dihvdro-lH-isoquinoline-2-carboxvlic acid tert-butvl ester 
To a stirred mixture of 2.5 g of 7-hydroxy-3,4-dihydro-lH-isoquinoline-2-carboxylic acid tert- 
butyl ester and 2.8 g of powdered potassium carbonate in 25 mL of dry N,N-dimethylformamide 
was added methyl iodide (0.94 mL) at 5°C. Stirring was continued for 24 hours at room 
5 temperature. Water was added and the mixture was extracted with ethyl acetate. The combined 
organic extracts were washed with water and brine, dried (sodium sulfate) and the solvent was 
removed in vacuo. The crude product (2.7 g; oil) was used in the next step without further 
purification. EI-MS: 263 (Ivf). 

10 63e. 7-Methoxv-L2.3.4-tetrahvdro-isoquinoline 

At 5°C, 50 mL of a saturated solution of hydrogen chloride in diethyl ether were added dropwise 
to a mixture of 2.3 g of 7-methoxy-3,4-dihydro-lH-isoquinoline-2-carboxylic acid tert-butyl 
ester in 50 mL of diethyl ether and the reaction mixture stirred for 2 hours at room temperature. 
The precipitated product (hydrochloride) was separated by filtration, washed with diethyl ether 

15 and dried in vacuo. Yield: 1.5 g (7.5 mmol); m.p. 215-218°C; EI-MS: 163 (M*). 

63f. 7-Methoxv-3.4-dihvdro-1H-isoquinoline-2-sulfonvl chloride 

To a stirred, precooled solution (-40°C) of 0.41 mL of sulftnyl chloride in 10 mL of chloroform 
was added a mixture of 1.0 g of 7-methoxy-l,2,3,4-tetrahydro-isoquinoline-hydrochloride and 

20 2.1 mL of triethylamine in 25 mL of chloroform at -40°C. Stirring was continued at -30°C for 
one hour and additionally at 5°C for one hour. The mixture was poured on ice, the organic layer 
extracted with cold water, dried (sodium sulfate) and concentrated. The residue was redissolved 
in diethyl ether and chromatographed on silica gel (isohexane/ethyl acetate = 8/2 v/v) yielding 
0.62 g of 7-methoxy-3,4-dihydro-lH-isoquinoline-2-sulfonyl chloride as an oil. 

25 EI-MS: 261 (NT). 

63g. 7-Methoxv-3.4-dihvdro-lH-isoquinoline-2-sulfonic acid P-(4-amino-thienor3.2-c1pvridin- 
2-ylmethvlV2-(4-methvl-piperidin- 1 -vl V 2-oxo-ethvn-amide 

This compound was prepared from 200 mg of 7-methoxy-3,4-dihydro-lH-isoquinoline-2- 
30 sulfony! chloride and 210 mg of 30a using the procedure described for 58c. Yield: 110 mg; m.p. 
175-176°C, (+)-FAB-MS: 544 (MH*). 
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Example 64 

23-Dihvdro-5H-benzorflri,41oxazenine-4-sulfonic acid H-(4-amino-thienot3,2>clpyridin- 
2-v1methvlV2'(4'inethvl-piDeridin-l-v1V2"Oxo-ethvll-amide (64gl 

64a. 2-(Benzvlimino-methvD-phenol 

A mixture of 5.0 mL of 2-hydroxy-benzaldehyde, 6.3 mL of benzylamine and 0.05 g of 
p-toluenesulphonic acid was refluxed in toluene for 2 hours using a Dean-Stark trap to remove 
liberated water. The volatiles were removed in vacuo yielding 10.1 g of crude 2-(benzylimino- 
methy1)-phenol. 

64b. 2-fBenzvlamino-methvlVpheno] 

Sodium borohydride (0.2 g) was added in small portions to 3 mL of dry 2-propanol in a nitrogen 
atmosphere. To this mixture was added dropwise a solution of 1.0 g of 2-(benzyIimino-methyl)- 
phenol in 3 mL of 2-propanol. After complete addition, stirring was continued for 1 h. Then 
water was added in order to decompose excess borohydride, and the volatiles were removed in 
vacuo. The residue was redissolved in ethyl acetate, washed with water, dried (sodium sulfate) 
and concentrated yielding 0.9 g of 2-(benzylamino-methyl)-phenol as an oil. EI-MS: 213 (M*). 

64c. 4-Benzvl-4.5-dihvdro-benzorf)f 1 .41oxazepin-3-one 

A mixture of 19.0 g of 2-(benzylamino-methyl)-phenol and 75 mL of toluene was cooled to 0°C, 
and a solution of chloroacetyl chloride (7.8 mL) in 75 mL of toluene was slowly added while 
stirring. Stirring was continued for 16 h. Dry N,N-dimethylformamide (60 mL) was added and 
the solution was cooled to 0°C. In a nitrogen atmosphere 3.4 g of sodium hydride (95%; 
dispersion in mineral oil) were added in small portions and the mixture was allowed to stir at 
room temperature for 2 h. Water was added and the aqueous layer was extracted with ethyl 
acetate. The combined organic extracts were dried (sodium sulfate) and the solvent was removed 
in vacuo yielding 12.4 g of 4-benzyl-4,5-dihydro-benzo[f][M]oxazepin-3-one. M.p. 95-97°C, 
EI-MS: 253 (NT). 

64d. 4-Benzvl-2.3 A5-tetrahvdro-benzorfir 1 .41oxazepine 
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A solution of 2.5 g of ^benzyl^^S-dihydro-benzoffltl^loxazepinO-one in 50 mL of 
tetrahydrofuran was added dropwise to a suspension of 1 . 14 g of lithium aluminum hydride in 50 
mL of tetrahydrofuran. The mixture was refluxed for 5 hours and then allowed to cool down to 
room temperature. 2.2 mL of saturated aqueous sodium chloride solution was added in order to 
5 decompose excess lithium aluminum hydride. The precipitated solid was removed by filtration, 
and the filtrate was concentrated to give 2.2 g of pure 4-benzyl-2,3,4,5-tetrahydro- 
benzo[f][l,4]oxazepine as an oil. EI-MS: 239 (Ivf ). 

64e, 2.3.4.5-Tetrahvdro-benzorfir 1 .4"|oxazepine 
10 10.2 g of 4-benzyl-2,3,4,5-tetrahydro-benzo[f][l>4]oxazepine were dissolved in 100 mL of 
ethanol and hydrogenated for 5 hours at room temperature using 1.2 g of palladium (10% on 
carbon) as catalyst. Filtration followed by removal of the solvent in vacuo gave 6.1g of 2,3,4,5- 
tetrahydro-benzo[f][l,4]oxazepine as an oil. EI-MS: 149 (M*). 

1 5 64f. 2.3-Dihvdro-5H>benzorfirK41oxazepine-4-sulfonvl chloride 

This compound was prepared from 1.5 g of 2,3,4, 5-tetrahydro-benzo[f][l,4]oxazepine, 0.81 mL 
of sulfuryl chloride and 1.8 mL of ethyl diisopropyl amine using the procedure described for 
63f.Yield: 0.3 g (oil), EI-MS: 247 (M + ). 

20 64g, 2.3-Dihvdro-5H-benzorf)r 1 .41oxazepine-4-su1fonic acid \ 1 -(4-amino-thienor3»2-c1pyridin- 
2-ylmethvn-2-(4-methvl-piperidin- 1 -vlV2-oxo-ethvll-arnide 

This compound was prepared from 200 mg of 2,3-dihydrO"5H-benzo[f][l,4]oxazepine-4-sulfonyl 
chloride and 210 mg of 30a using the procedure described for 58c. Yield: 80 mg (oil), (+)-FAB- 
MS: 530 (MIT). 

25 

Example 65. 

7-Methoxv-2,3-dihvdro-5H-benzo[fllL41oxa7enine-4-sulfonic acid f l-(4-amino-thieno[3^ 
clnvndin-2-vlmethvn-2-f4-methvl-nineridin-l-vlV2-oxo-et hvll-amide (65g). 



30 



65a. 2-(Benzvlimino-methvn-4-methoxv-phenol 
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This compound w<ts prepared from 2.7 g of 2-hydroxy-5-methoxy-benzaldehyde, 2.3 mL of 
benzylamine and 0.03 g of p-toluenesulphonic acid using the procedure described for 64a. Yield: 
4:3 g (oil). 

5 65b. 2-raenzvlamino-methvlV4-methoxv-phenol 

This compound was prepared from 1.0 g of 2-(benzylimino-methyI)^-methoxy-phenol and 
0.18 g of sodium borohydride using the procedure described 64b. Yield: 1.0 g (oil), EI-MS: 243 

(M*)- 

10 65c. 4-Benzvl-7-methoxv-4.5-dihvdro-benzorf]r ! .4]oxazepin-3-one 

A mixture of 2.43 g of 2-(benzylamino-methyl)-4-methoxy-phenoi and 20 mL of toluene was 
cooled to 5°C and a solution of chloroacetyl chloride (0.88 mL) in 5 mL of toluene slowly added 
while stirring. Stirring was continued for 2 hours at room temperature. Dry tetrahydrofuran (25 
mL) was added and 3.4 g of sodium hydride (95%; dispersion in mineral oil) were added in small 

15 portions under a nitrogen atmosphere. The mixture was allowed to stir at room temperature for 
24 h. Water was added and the aqueous layer was extracted with ethyl acetate. The combined 
organic extracts were dried (sodium sulfate) and the solvent removed in vacuo yielding 2.0 g of 
4-benzyl-7-methoxy-4;5-dihydro-benz6[f][l,4]oxazepin-3-one as an oil. EI-MS: 283 (Nf). 

20 65d. 4-BenzvN7-methoxv-2.3.4.5-tetrahvdro-benzorflf K41oxazepine 

This compound was prepared from 5.7 g of 4-benzyl-7-methoxy-4,5-dihydro-benzo[f|[l,4]- 
oxazepin-3-one and 2.3 g of lithium aluminum hydride using the procedure described for 64d. 
Yield: 6.1 g (oil), EI-MS: 269 (M + ). 

25 65e. 7-Methoxv-2.3.4.5-tetrahvdro-benzo[f|[141oxazepine 

This compound was prepared from 6.1 g of 4-benzyl-7-methoxy-4,5-dihydro-benzo[f][l,4]- 
oxazepine and 1.0 g of palladium (10% on carbon) as catalyst using the procedure described for 
64e Yield: 2.7 g; m.p. 96-97°C, EI-MS: 179 (M"). 

30 65f. 7-Methoxv-2.3-dihvdro-5H-benzo[f]f 1 .41oxazepine-4-sulfonvl chloride 
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This compound was prepared from 1.4 g of 7-methoxy-2,3,4,5-tetrahydro-benzo[f][l,4]- 
oxazepine, 0.91 mL of sulfiiryl chloride and 4.7 mL of triethylamine using the procedure 
described for 63f. Yield: 0.23 g (oil), EI-MS: 277 (NT). 

5 65g. 7>Methoxv-2.3>dihvdro«5H-benzo[f|[L4]oxazepine>4-sulfonic acid [l>(4»amino>thienor3>2- 
c] pvridin>2'Vlmethvn-2-(4-methvl-pipendin-l-vn-2-oxo-ethyll>amide 

This compound was prepared from 210 mg of 7-methoxy-2,3-dihydro-5H-benzo[f][l,4]- 
oxazepine-4-sulfonyl chloride and 210 mg of 30a using the procedure described for 58c. Yield: 
70 mg (oil), (+)-FAB-MS: 560 (MH + ). 

10 

Example 66. 

f3SV4-rri-Fn-amino-6-isoquinolmvn^^ 

(3.5-dimethvlisoxazolvOsulfonyllaminol-4-oxo-butanoic acid 1 ,1-dimethvlethvlester 
hydrochloride 

15 The procedure described for 5c was used. Deprotection of 100 mg of 5a and coupling with 96 
mg of (2S)-2-[[4-(3,5-dimethylisoxazolyl)sulfonyl]amino]butanedioic acid 4-(l,l- 
dimethylethyl)ester (prepared from Asp(OtBu)-OH and 3,5-dimethylisoxazole-4-sulfonyl 
chloride using the procedure described for 5b) yielded the title compound (66 mg) as a mixture 
ofdiastereomers(l:l). 'H-NMR 400MHz (CD 3 OD) 5: 1.15 - 1.68 (6H, m), 1.40 (9H, s), 2.20- 

20 2.62 (2H, m), 2.31 ( 3H, s), 2.33 and 2.37 (3H, 2x s), 2.96 - 3.56 (6H, m), 4.10 - 4.14 (1H, m), 
5.04 - 5.14 (1H, m), 7. 16 - 7.23 (1H, m), 7.53 - 7.78 (3H, m), 8.32 - 8.38 (1H, m). 

Example 67. 

(ISVN'-M-rn-amino^HSOQuinolinvnmeth^ 

25 2.3.6-trimethvlphenvnsulfonvllaminol-butnnediamide hydrochloride 

The procedure described for 5c was used. Deprotection of 100 mg of 5a and coupling with 105 
mg of (2S)-4-amino-2-[[(4-methoxy-2,3,6-trimethylphenyl)sulfonyl]amino]-4-oxobutanoic acid 
(prepared from Asn-OH and 4-methoxy-2,3,6-trimethylsulfonylchloride (Mtr-chloride)using the 
procedure described for 5b) yielded the title compound (66 mg) as a mixture of diastereomers 

30 (1:1). l H-NMR 400MHz (CD 3 OD) 6: 1.20- 1.68 (6H, m), 2.15 and 2.16 (3H, 2x s), 2.27 - 2.58 
(2H, m), 2,57 (3H,s), 2.64 (3H, s), 2.93 - 3.57 (6H, m), 3.83 and 3.87 (3H, 2x s), 3.98 - 4.09 
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(1H, m), 5.07 - 5.19 (IH, m), 6.75 and 6.76 (IH, 2x s), 7.22 - 7.27 (IH, m), 7.55 - 7.79 (3H, 
m), 8.33 - 8.38 (IH, m). 

Example 68. 
5 (3SV4-rri-rn-amino-6-isoquinolinv^ 

methoxv^a^trimethvlDhenvDsulfonyllaminol^oxo-butanoic acid 1.1- 
dimethvlethvlester hydrochloride 

Protection of 0.23 g of amino acid li and subsequently coupling with morpholine according to 
the procedure described for 5a yielded 1 , 1-dimethylethyl [l-[(l-amino-6-isoquinoliny1)methyl]-2- 

10 oxo-2-(4-morpholinyl)ethylcarbamate. The procedure described for 5c was used for the 
deprotection of 90 mg of 1,1-dimethylethyl [l-[(l-amino-6-isoquinolinyl)methyl]-2-oxo-2-(4- 
morpholinyl)ethylcarbamate and coupling with 96 mg of (2S)-2-[[(4-methoxy-2,3,6- 
trimethylphenyI)sulfonyl]amino]butanedioic acid 4-(l, 1 -dimethylethyl)ester (prepared from 
Asp(OtBu)-OH and (4-methoxy-2 > 3,6-trimethylphenyl)sulfonylchloride using the procedure 

15 described for 5b) to yield the title compound (56 mg) as a mixture of diastereomers (1:1). ! H- 
NMR 400MHz (CD 3 OD) 5: 1.29 and 1.33 (9H, 2x s), 2.12 and 2.13 (3H, 2x s), 2.19 - 2.47 (2H, 
m), 2.52 and 2.53 (3H, 2x s), 2.62 (3H, s), 2.95 -3.65 (10H, m), 3.81 and 3.86 (3H, 2x s), 3.95 - 
4.08 (IH, m), 5.03 - 5.18 (IH, m), 6.73 and 6.75 (IH, 2x s), 7.18 - 7.23 (IH, m), 7.53 - 7.78 
(3H, m), 8.31 -8.38(1H, m). 

20 

Example 69. 

l-r3-(4-Aminothienol3,2clnvridin-2-ylV2-[(l-oxo-2-nronvlnentvnaminolO-oxonroDvll-4^ 
methvlpiperidine hydrochloride 

Compound 30a (53 mg) was dissolved in 1.5 mL of dichloromethane and 1.5 mL of 
25 trifluoroacetic acid was added. After stirring at room temperature for 1.5 hours the reaction 
mixture was concentrated and coevaporated with toluene. The residue was dissolved in 2 mL of 
dichloromethane and 0.053 mL of triethylamine, cooled at 0°C and 23 mg of 2-propyipentanoyl 
chloride was added. After stirring at room temperature for 1.5 h, dichloromethane and water 
were added. The organic layer was separated, dried (magnesium sulfate) and concentrated. 
30 Purification by chromatography on silica gel (dichloromethane : methanol = 95 : 5 (v/v)) yielded 
the free base. Treatment of this free base with one equivalent hydrochloric acid and lyophilisation 
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yielded compound 69 (22 mg). ! H-NMR 400MHz (CD 3 OD) 5: 0.61 - 1.74 (22H, m), 2.18 2.27 
(1H, m), 2.59 - 2.70 (1H, m), 2.99 - 3.10 (1H, m), 3.25 - 3.49 (2H, m), 3.99 - 4.16 (1H, m), 
4.41 - 4.51 (1H, m), 5.22 - 5.35 (1H, m), 7.37 - 7,42 (1H, m), 7.58 - 7.61 (2H, m). 

5 Example 70. 

l-f3«r4-Aminothienor3.2clDvridin>2-vn-2-f{3-(4-chloroDhenvlVl-oxopropyllaminoNl- 
oxopropvll-4-methvlpiperidine hydrochloride 

Compound 30a (60 mg) was dissolved in 1.5 mL of dichloromethane and 1.5 mL of 
trifluoroacetic acid was added. After stirring at room temperature for 1.5 h, the reaction mixture 

10 was concentrated and coevaporated with toluene. The residue was dissolved in 2 mL of 
dichloromethane and adjusted to pH 8 using N,N-diisopropylethylamine. This solution was added 
to an active ester solution that was prepared by dissolving 29 mg of 3-(4-chlorophenyl)propanoic 
acid, 21 mg of hydroxybenztriazole and 33 mg of dicyclohexylcarbodiimide in 2.5 mL of 
dichloromethane and stirring at room temperature for 15 min. After the addition of the active 

15 ester solution the pH of the reaction mixture was adjusted to 8 using N,N-diisopropylamine and 
stirred for 16h at room temperature. The reaction mixture was filtered, water was added, and the 
organic layer was separated. The aqueous layer was extracted with dichloromethane, the 
combined organic layers were dried (magnesium sulfate) and concentrated. Purification by 
chromatography on silica gel (dichloromethane : methanol = 9:1 (v/v)) yielded the free base. 

20 Treatment of this free base with one equivalent hydrochloric acid and lyophilisation yielded the 
title compound (66 mg). 'H-NMR 400MHz (CDC1 3 ) 5: 0.88 and 0.92 (3H, 2x d, J = 6Hz), 0.74 - 
1.72 (5H, m), 2.54 - 3.44 (8H, m), 3.81 - 3.92 (1H, m), 4.39 - 4.46 (1H, m), 5.17 - 5.23 (1H, 
m), 6.99 - 7.45 (7H, m), 7.82 (1H, br. s), 8.36 (2H, br.s). 

25 Example 71. 

Solid-phase synthesis of compounds of formula (lb) with n = 0, X =S« R'Y = R ! SOi 
R 3 = H (Table 7 n. 

71a. 3-r4-aminothienor3.2clpvridin-2-vlV2- r N-tert.butvloxvcarbonvnamino propion ic acid 
30 methyl ester 
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9.3 g of compound 3h was coevaporated twice with dry . methanol and subsequently dissolved in 
300 mL of methanol/triethylamine (9:1 v/v). 7. 5 g of di-tert.butyl carbonate was added and the 
reaction mixture was stirred for 2 hours at room temperature. Three additional portions of 1.5 g 
of di-tert.butyl carbonate were added over the next 5 hours. The reaction mixture was 
evaporated and coevaporated twice with methanol. The residue was purified with silica gel 
chromatography with a gradient of methanol (0->8%) in dichloromethane containing 2 vol% of 
triethylamine. This afforded 6.9 g of 71a. l H NMR 200 MHZ (CD 3 OD) 8 : 1.41 (9H,s), 3.34 
(2H,dd), 3.75 (3H,s), 4.46 (lH,dd), 7.07 (lH,d), 7.29 (lH,s), 7.67 (lH.d). 

71b. 3>r4'(acetvlamino > lthieno[3.2c1pvridin-2-vn-2-rN-tert.butvlo xvcarbonvl]amino propionic 
acid methyl ester 

6.9 g of 71a was dissolved in 67 mL of pyridine and 1.8 mL of acetic anhydride was added. After 
2 hours at room temperature another 1 .8 mL of acetic anhydride was added and the solution was 
stirred overnight at room temperature. The pyridine was evaporated, and the crude product was 
coevaporated three times with toluene. The residue was chromatographed on a silica gel column 
(ethyl acetate / methanol 98:2) to give 5.7 g of 71b. X H NMR 400 MHZ (CDC1 3 ) 5 : 1.45 (9H,s), 
2.32 (3H,s), 3.45 (2H,dd), 3.80 (3H,s), 4.68 (lH,dd), 7.18 (lH.s), 7.52 (lH.d), 8.11(lH,d). 

71c. 3-[4>facetvlamino^thienor3.2c1pvridin-2-vll-2- [ N-tert.butvloxvcarbonvl1amino propionic 
acid 

5.7 g of 71b was dissolved in 90 mL of dioxane/water (1:1 v/v) and 2N NaOH was added until 
pH 12. During the saponification was pH continuously adjusted to maintain pH 12. After 2 hours 
TLC (dichloromethane/methanol 9:1 v/v containing 0.5 % triethylamine) showed complete 
conversion into the acid. The solution was neutralized with acetic acid and the mixture was 
concentrated to a small volume. The solution was acidified until pH 4 with acetic acid and 
extracted with ethyl acetate. Between both layers a solid (sodium salt) appeared which was 
collected by filtration. The salt was added to a dichloromethane/water mixture and acetic acid 
was added until pH 4. Again a solid (free acid) appeared between both layers. Filtration gave 
4.0 g of free acid 71c. l H NMR 200 MHZ (CD 3 OD) 5 : 1 .40 (9H,s), 2.28 (3H,s), 3.43 (2H,dd), 
4.44 (lH,dd), 7.34 (lH,s), 7.79 (lH,d), 8.13(lH,d). 
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71d. Derivatization of Kaiser oxime resin with acid 71c. 

2.0 g of 71c was coevaporated twice with dry N,N-dimethylformamide and subsequently 
dissolved in 50 mL of dichloromethane/N,N-dimethylformamide (3:2 v/v). 0.88 g of N- 
hydroxybenzotriazole was added and the resulting solution was added to 3.5 g of Kaiser oxime 

5 resin (0.4 mmol/g). After the addition of 1.0 mL of diisopropylcarbodiimide, the suspension was 
shaken overnight at room temperature. The resin was filtered off and washed with 
dichloromethane/N,N-dimethylformamide (3:2 v/v) and N,N-dimethylformamide. Further 
washings were performed by alternate addition of 2-propanol and dichloromethane (three times 
each). Unreacted oxime functions were capped by treatment of the resin with 35 mL acetic 

10 anhydride/N,N-diisopropylethylamine/N,N-dimethylformamide (3:1:12 v/v/v) for 30 minutes at 
room temperature. The resin was filtered off and washed with N,N-dimethylformarnide, 2- 
propanol and dichloromethane (three times each). The resin was dried in vacuo to give 4.2 g of 
71d 

15 71e. 3>r4>aminothienor3.2c1pvndin-2-vn-2-[[r4-ch1orophenvnsulfonvl1amino1-N-f2^3- 
fluorophenvnethvm- propanamide 

(compound of formula (\b ) with n = 0. X =S. R ! Y = 4-chlorophenvlsulfonvl R 3 = H, R 7 = 
3-fluorophenvlethvL R 8 =H. 

50 mg (20 jamol) of 71d was treated with 2 mL of 25 vol% trifluoroacetic acid in 
20 dichloromethane for 30 minutes at room temperature. The resin was filtered off and washed with 
dichloromethane, 2-propanol and dichloromethane. The resin was washed three times with 1 mL 
dichloromethane/N,N-dimethylformamide (3:2 v/v) containing 80 |imol N,N- 
diisopropylethylamine and immediately reacted with 80 |amol p-chlorobenzenesulfonyl chloride in 
1 mL dichloromethane / N,N-dimethylformarnide (3:2 v/v) containing 80 \xmo\ N,N- 
25 diisopropylethylamine. The suspension was shaken for 45 minutes at room temperature. The 
resin was filtered off and washed with dichloromethane/N,N-dimethylformamide (3:2 v/v), 
followed by washings with dichloromethane, 2-propanol and dichloromethane. The ninhydrin test 
revealed complete conversion of the amine. The resin was suspended in 1 mL of a 0.5 M solution 
of 3-fluorophenethylamine in distilled tetrahydrofuran and shaken for 16 hours at room 
30 temperature. The resin was filtered off and washed with tetrahydrofuran and methanol. The 
filtrates were collected and concentrated to dryness. The residue was dissolved in 1 mL 
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ethylenediamine/ethano! (1:1 v/v) and shaken for 16 hours at room temperature. The reaction 
mixture was evaporated to dryness, dissolved in methanol/water (1:1 v/v) and applied to a 
DOWEX-NH/ column (4.5 mL) to remove excess of amine. The column was eluted with 
methanol/water (1:1 v/v). The UV positive fractions were pooled and evaporated to dryness 
5 yielding 9. 5 mg of 7 1 e. 

Table 71. 

Solid-phase synthesis of compounds of formula (lb ) with n = 0. X =S. R*Y = R ! SO ? . R 3 = H. 
Using the procedure described for example 71e the sulfonyl chlorides (R ! S0 2 C1) corresponding 
10 to R 1 in Table 71 were coupled to derivatized resin 7 Id. 50 mg portions of the resulting resins 
were treated with amines of structure NHR 7 R 8 as depicted in Table 71. Work-up of the samples 
was performed as described for 71 e. 

All compounds were characterized by reversed phase liquid chromatography on a Supelcosil LC- 
15 18-DB column using following conditions: Flow: 1.0 ml/min; Buffers A: water, B: 
acetonitrile/water (9:1 v/v), C: 0.5M phosphate buffer pH=2.1; Gradient 1: 0^30 min 65%A- 
15%B-20%C -> 25%A-55%B-20%C. UV-detection at 210nm. Retention times are given in 
minutes in Table 71. 
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Table 71 : RP-HPLC retention times for compounds of example 71 
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Example 72. 

Solid-phase synthesis of compounds of formula (lb) with n = 0, X =S. R*Y = R'C(O). 
R 3 = H (Table 72). 

5 72fl W4-aminothienor3.2clDvridin-2^ 

carbonvllaminoV propanamide (compound of formula (lb ) with n = 0. X = S» R ! Y = 2-pvridine- 
carhoxvl. R 3 = R R 7 = benzvl. R 8 = methyl) 

50 mg (20 u,mol) of 71d was treated with 2 mL of 25 voI% trifluoroacetic acid in 
dichloromethane for 30 minutes at room temperature. The resin was filtered off and washed with 

10 dichloromethane, 2-propanol and dichloromethane. The resin was washed three times with 1 mL 
dichloromethane/N,N-dimethylformamide (3:2 v/v) containing 80 ujnol N,N- 
diisopropylethylamine and immediately reacted with 80 urnol 2-pyridinecarboxylic acid in 1ml 
dichloromethane/N^N-dimethylformamide (3:2 v/v) containing 80 |imol of N,N- 
diisopropylethylamine and 80 jamol of (0-(benzotriazol-l-yl))-l,l,3,3-tetramethyl uronium 

15 tetrafluoroborate. The suspension was shaken for 45 minutes at room temperature. The resin was 
filtered off and washed with dichloromethane/N,N-dimethylformamide (3:2 v/v), followed by 
washings with dichloromethane, 2-propanol and dichloromethane. The ninhydrin test revealed 
complete conversion of the amine. 

The resin was suspended in 1 mL of a 0.5 M solution of methylbenzylamine in distilled 
20 tetrahydrofiiran and shaken for 16 hours at room temperature. The resin was filtered off and 
washed with tetrahydrofuran and methanol. The filtrates were collected and concentrated to 
dryness. Further processing of the sample was performed as described for 71e, yielding 8.0 mg of 
compound 72a. 

25 Table 72 

Solid-phase synthesis of compounds of formula (lb ) with n = 0. X =S. R 1 Y = R'CCOV R 3 = H. 
Using the procedure described for example 72a the carboxylic acids (R'C(O)OH) corresponding 
to R l in Table 72 were coupled to derivatized resin 71d. 50 mg portions of the resulting resins 
were treated with amines of structure NHR 7 R 8 as depicted in Table 72. Work-up of the samples 
30 was performed as described for 7 1 e. 
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All compounds were characterized by reversed phase liquid chromatograpy using the conditions 
described for compounds 71f. Retention times are given in minutes in Table 72. Standard 
gradient 1 was run, times marked with an asterisk were determined after applying the following 
gradient: 0->30 min 75%A-5%B-20%C -> 35%A-45%B-20%C. 
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Table72 : RP-HPLC retention times for example 72 
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23.0 
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28.9/29.7 




18.3 




22.3 


30.8 


23.4 


28.5/29.6 




18.9 








24.3 


30.2/31.2 


25.9 


19.3 


o 


17.3 


28.3 


18.7 


24.1/25.3 


20.7 


12.4 




14.3* 


22.7 * 


15.9* 


20.5/21.3* 


18.4* 


10.7* 


c20 NH 


27.9 


36.9 


28.2 


33.6/34.6 


30.3 


24.1 
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Example 73 

N-(carboxvmethvlVD-cvc1ohexvlala^ 

cvclopentvl-glvcinlamid^ ^ (73H 

5 73a. N-[2'fazidomethvnthienor3,2c1pvridin-4-yl1 benzamide 

The experimental procedure described in J. Org. Chem. 58, 5886 (1993) was slightly modified. 
To 1.0 g of N-[2-(hydroxymethyl)thieno[3 1 2c]pyridin-4-yl]benzamide (3e) was added toluene 
and evaporated under reduced pressure to remove traces of moisture. To the residue was added 
5 mL of toluene and 5 mL of dioxane, the solution was cooled at 0°C and 1.14 mL of 

10 diphenylphosphoryl azide (DDPA) and 0.79 mL l,8-diazabicyclo(5.4.0)undec-7ene (DBU) were 
added After stirring this suspension for 68 hours at room temperature the reaction was not 
completed and an additional 0.38 mL of DPPA and 0.27 mL of DBU were added. After 24 hours 
the reaction mixture was poured into water (pH 7) and extracted with ethyl acetate. The organic 
layer was dried (magnesium sulfate) and concentrated. Purification on silica gel (toluene / ethyl 

15 acetate : 3 / 1 (v/v)) gave 0.98 g azide. 'H-NMR 200MHz (CDC1 3 ) 6: 4.59 (2H, s), 7.38 - 7.59 
(5H, m), 8.01 -8.09 (3H, m). 

73b N-[2-(aminomethvnthienor3.2clpvridin-4-yl1benzamide 

Through a solution of 1.07 g of N-[2-(azidomethyi)thieno[3,2c]pyridin-4-yl]benzamide in 50 mL 
20 of ethanol containing 0.6 g of 5% palladium / calcium carbonate was bubbled hydrogen for 40 
hours. Filtration and column chromatography on silica gel (dichloromethane / methanol = 9/1 
(v/v)) yielded 0.79 g of the title compound. 'H-NMR 200MHz (CDC1 3 ) 5: 4.18 (2H, s), 7.35 - 
7.63 (5H, m), 7.99 -8.12 (3H, m). 

25 73c. 4-amino-2'(aminomethvnthieno|"3.2c1pvridine hydrochloride 

A solution of 0.33 g of N-[2-(aminomethyl)thieno[3,2c]pyridin-4-yl]benzamide in 40 mL of 4N 
hydrochloric acid and 20 mL of acetic acid was refluxed for 16 hours. The reaction mixture was 
washed with diethylether to remove benzoic acid and the aqueous solution was concentrated 
under reduced pressure to give 0.256 g of 4-amino-2-(aminomethyl) thieno[3,2c]pyridine . 

30 hydrochloride. 1 H-NMR 200MHz (D 2 0) 5: 4.57 (2H, s), 7.43 (1H, d, J = 7Hz), 7.63 (1H, d, J = 
7Hz), 7.83 (lH,s). 
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73d. N-Cvclopentvl-Glv-OMe 

Cyclopentanone (15.6 g) was added to a solution of H-Gly-OMe HC1 (23.2 g) in 200 mL of 
methanol. The mixture was stirred for 15 minutes and sodium cyanoborohydride (7 g) was 
added. The pH was adjusted to 6. The reaction mixture was stirred for 16 hours at room 
5 temperature. To complete the reaction cyclopentanone (1 g) was added and stirring was 
continued. The reaction was monitored on TLC When all the starting material had disappeared, 
the mixture was acidified to pH 2 and was stirred for 30 minutes. The solvent was removed and 
the residue was diluted with water. The solution was washed with ether, the pH adjusted to 12 
with 6N sodium hydroxide and extracted with dichloromethane. The combined organic layers 
10 were washed with a saturated sodium chloride solution, dried on sodium sulfate and evaporated 
in vacuo to yield 16 g of an oil. 

Rf = 0.46 in ethyl acetate/pyridine/acetic acid/water 63/20/6/1 1 (v/v/v/v) on silica. 
73e. N-(t-butvloxvcarbonvlmethvlVD-Cha-OMe 

t-Butyl bromo acetate (17 g) was added to a stirred solution H-D-Cha-OMe HC1 (26 g) in 300 
mL of acetonitrile. The pH of the mixture was adjusted to 8.5 with N,N-diisopropylethylamine. 
The mixture was stirred for 16 hours at room temperature and evaporated in vacuo. The residue 
was dissolved in dichloromethane and the solution was washed with water, dried on sodium 
sulfate and evaporated in vacuo Chromatography over silica gel in hexane/ethyl acetate 9/1 (v/v) 
gave 20 g of N-(t-buty!oxycarbonylmethyl)-D-Cha-OMe. 

Rf = 0.46 in ethyl acetate/pyridine/acetic acid/water 63/20/6/1 1 (v/v/v/v) on silica. 
73f, N-Boc-N-ft-butvloxvcarbonvlmethvn-D-Cha-QMe 

The pH of a solution of N-(t-butyloxycarbonylmethyl)-D-Cha-OMe (20 g) and di-t-butyl 
25 dicarbonate (17 g) was adjusted to 8.5 with N,N-diisopropylethylamine. The mixture was stirred 
for 16 hours at room temperature. The solvent was removed in vacuo. Dichloromethane and 
water were added to the residue. The organic layer was separated, washed with cold IN 
hydrochloric acid, water, 5% sodium hydrogen carbonate and water. The organic layer was dried 
on sodium sulfate and the filtrate was evaporated to an amorphous solid of N-Boc-N-(t- 
30 butyloxycarbonylmethyl)-D-Cha-OMe with a yield of 28 g. 

Rf = 0.60 in ethyl acetate/pyridine/acetic acid/water 252/20/6/1 1 (v/v/v/v) on silica. 
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73g. N-Boc-N-ft-butvloxvcarbonvlmethvlVD-Cha-OH 

A solution of N-Boc-N-(t-butyloxycarbonylmethyl)-D-Cha-OMe (28 g) in 420 mL of 
dioxane: water 9/1 (v/v) was treated with sufficient IN sodium hydroxide to keep the pH at 13 
for 90 minutes at room temperature. After acidification, the mixture was poured into water and 
5 was extracted with dichloromethane. The organic layer was washed with water and was dried on 
sodium sulfate. The filtrate was evaporated and yielded 24 g of N-Boc-N-(t- 
butyloxycarbonylmethyl)-D-Cha-OH. 
Rf = 0.23 in dichloromethane/methanol 9/1 (v/v) on silica. 

10 73h. N-Boc>N-(t-butvloxvcarbonvlmethvn-D-Cha-N-cvclopentvl-Glv-OMe 

N-cyclopentyl-Gly-OMe (10.2 g) and 2-( I H-benzotriazol- 1 -yl)- 1 , 1 ,3 ,3-tetramethyluronium 
tetrafluoroborate (TBTU; 21.2 g) were added to a solution of N-Boc-N-(t-butyIoxy- 
carbonylmethyl)-D-Cha-OH (24 g) in 300 mL of N,N-dimethyl formamide. 

The pH of the mixture was adjusted to 8.5. The mixture was stirred overnight at room 
15 temperature and was concentrated by evaporation. Water and ethyl acetate were added to the 
residue. The organic layer was separated and washed with IN hydrochloric acid, water, 5% 
sodium hydrogen carbonate and water and dried over sodium sulfate. The filtrate was evaporated 
and the residue was chromatographed on silica gel in hexane/ethyl acetate 8/2 (v/v) as eluent. 
The fractions containing N-Boc-N-(t-butyloxycarbonylmethyl)-D-Cha-N-cyc!opentyl-Gly-OMe 
20 were pooled and evaporated. Yield: 17 g. 

Rf = 0.57 in hexane/ethyl acetate 7/3 (v/v) on silica. 

73i. N>Boc-N-(t>butvloxvcarbonvlmethvlVD'Cha>N-cvclopentvl-Glv-OH 

N-Boc-N-(t-butyloxycarbonylmethy!)-D-Cha-N-cyclopentyl-Gly-OMe (17 g) was saponified in a 
25 mixture of dioxane/water l/l (v/v, 150 mL) and diluted sodium hydroxide and yielded 15 g of an 
amorphous solid. Chromatography over silica gel with dichloromethane/methanol 95/5 (v/v) as 
eluent gave 13 g of N-Boc-N-(t-butyloxycarbonylmethyl)-D-Cha-N-cyclopentyl-Gly-OH. 
Rf = 0.30 in dichloromethane/methanol 9/1 (v/v) on silica. 

30 73j. N>rHQOCCH2VD-Cha-N -cvclopentvl-Glv-AtD 
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To a solution of 91 mg of 4-amino-2-(aminomethyl) thieno[3,2c]pyridine . hydrochloride and 
182 mg of N-Boc-N-(t-butyioxycarbonylmethyl)-D-Cha-N-cyclopentyl-Gly-OH in 2.5 mL of 
N;N-diinethylformamide was added 125 mg 2-(lH-benzotriazol-l-yl)- 1,1,3,3- 
tetramethyluronium tetrafluoroborate (TBTU) and the pH was adjusted to 8 using N,N- 

5 diisopropylethylamine. The pH was maintained at 8 during the reaction. After 16 hours the 
reaction mixture was concentrated under reduced pressure. Dichloromethane was added, washed 
with an aqueous 5% sodium hydrogencarbonate solution, dried (magnesium sulfate) and 
concentrated. Purification on silica gel (dichloromethane / methanol: 95 / 5 (v/v)) gave 164 mg of 
N-Boc-N-(t-butyloxycarbonylmethyl)-D-Cha-N-cyclopentyI-Gly-Atp as an oil. 142 mg of this oil 

10 was dissolved in 2.5 mL of dichloromethane and 2.5 mL of trifluoroacetic acid and stirred at 
room temperature. After 16 hours the reaction mixture was concentrated, dissolved in 0.2 M 
hydrochloric acid and washed with ether. The aqueous solution was concentrated under reduced 
pressure. HPLC purification on a preparative Delta-pack C-18 column using a gradient elution 
system of 20% A / 70% B / 10% C to 20% A / 20% B / 60% C (A = 0.5M sodium dihydrogen 

15 phosphate + phosphoric acid (pH = 2.1); B = water; C = cyanomethane / water 3/2 (v/v) over 45 
min, at a flow rate of 80 mL / min. Yield: 100 mg. 'H-NMR 400MHz (D 2 0) 5: 0.43 - 1.84 (21H, 
m), 3.40 - 3.67 (2H, m), 3.84 - 4.13 (3H, m), 4.46 - 4.7 (3H, m), 7.21 - 7.26 (1H, m), 7.39 - 
7.48 (2H,m). 

20 Example 74 

N-(carboxvmethvlVD"CVclohcxvlalnnvl-[N-(l-amino-6-isoquinolinvninethvll-L-azetidin-2- 
carboxamide trifluoroacetate (NWHOOCCFM-D-Cha-L-Azt-6-AiQ TFAV74H 

74a. N-[6-(azidomethvlVl-isoauinolinvl]-benzamide 

25 To 6.3 g of N-[6-(hydroxymethyl)-l-isoquinolinyl] benzamide (lg) in 40 mL of toluene and 40 
mL of dioxane at 0°C 7.8 mL of diphenylphosphoryl azide (DDPA) and 5.4 mL of 1,8- 
diazabicyclo(5.4.0)undec-7ene (DBU) were added. After 24 hours the reaction mixture was 
poured into water (pH 7) and extracted with ethyl acetate. The organic layer was dried (sodium 
sulfate) and concentrated. Trituration with diethyl ether gave 6.4 g of the title compound. Mp. 

30 125 - 129 °C. MS (m/e) = 303. 
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74b, N-f6-(aminomethvlVl-isoquinolinvllbenzamide 

A solution of 6.4 g of N-[6-(azidomethyl)-l-isoquinolinyl]benzamide in 300 mL of ethanol and 
60 mL of N,N-dimethylformamide containing 3.8 g of 5% palladium / calcium carbonate was 
hydrogenated for 20 hours. Filtration and concentration i. vac. yielded the title compound as an 
oil. MS (m/e) = 277. 

74c. 1 -amino-6-(aminomethv0isoquinoline hydrochloride 

A solution of 5.8 g of N-[6-(aminomethyl)-l-isoquinolinyl]benzamide in 300 mL of 4N 
hydrochloric acid and 150 mL of acetic acid was refluxed for 6 hours. The reaction mixture was 
washed with diethylether to remove benzoic acid and the aqueous solution was concentrated 
under reduced pressure to give 3 .0 g of the title compound. MS (m/e) = 173. 

74d. rN-Boc-N-a-butvloxvcarbonvlmethylVD-Cha-rLVazetidin e^-carboxvlic acid 
0.71 mL (5.43 mmol) Isobutyl chloroformate was added dropwise to a cooled (-15 - -20 °C ) 
solution of 1.90 g (4.94 mmol) N-Boc-N-(t-butyloxycarbonylmethyl)-D-Cha-OH and 0.6 mL 
(5.43 mmol) N-methyl morpholine in 15 mL dichloromethane. After 45 min, 0.50 g (4.94 mmol) 
(L)-azetidine-2-carboxylic acid (L-H-Azt-OH) was added. After 1 h, the organic phase was 
extracted with water, the organic layer was dried (sodium sulfate), filtered, and the solvent was 
removed i.vac. to yield 2.3 g (quant.) of the title compound as a nearly colorless oil. FAB-MS: 
m/e = 469 (M+H + ). 

74e. N-Boc-N-a-butvloxvcarbonvlmethvlVD-Cha-L-Azt-6-Aiq 

0.45 g (1.28 mmol) Chloro-N,N ) N\N 5 -bis(pentamethylene)-formamidinium hexafluorophosphate 
was added to a cooled (ice bath) solution of 0.60 g (1.28 mmol) N-Boc-N-(t- 
butyloxycarbonylmethyl)-D-Cha-L-Azt-OH (74d) and 0.23 g (1.28 mmol) l-amino-6- 
(aminomethyl)isoquinoline hydrochloride (74c) in 5 mL dichloromethane, followed by the 
addtion of 0.68 mL (3.83 mmol) N^-diisopropylethylamine. After 2h at room temperature, the 
solution was extracted with water, the organic layer was dried (sodium sulfate), filtered, and the 
solvent was removed i. vac. The residue was filtered over silica gel using ethyl acetate : methanol 
(15 : 1) as an eluent. The solvent was removed i. vac. to yield N-Boc-N-(t- 
butyloxycarbonylmethyl)-D-Cha-L-Azt-6-Aiq as an amorphous solid. FAB-MS m/e = 623. 
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74f. N-(HOOCCH^-D-Cha-L-Azt-6-Aiq TFA 

3.0 mL Trifluoroacetic acid was added to a solution of 200 mg (0.32 mmol) N-Boc-N-(t- 
butyloxycarbonylmethyl)-D-Cha-L-Azt-6-Aiq in 3 mL dichloromethane. After 3 h, the solvent 
was removed i. vac, the residue was dissolved in methanol, filtered, and the solvent was 
5 removed i. vac. to yield 90 mg of an amorphous residue. The residue was purified by column 
chromatography (reversed phase RP18 select B; methanol : water = 55:45) to yield the title 
compound as an amorphous solid. FAB-MS: m/e = 467. 

Example 75. 

10 N»(carboxvmethvlVD-cvclohexvlalanvl-N-ff4-amino-thienof3>2clnvridin-2-vlVmethvlNL» 
azetidin-2-carboxamide trifluoroncetate (N-(HOOCCH^-D-Cha-L-Azt-Atp TFAK7Sb) 

75a, N-Boc-N-ft-butvloxvcarbonvlmethvn-D-Cha-L-Azt-Atp 

0.45 g(1.28 mmol) Chloro-N,N,N , ,N , -bis(pentamethylene)-formamidinium hexafluorophosphate 
15 was added to a cooled (ice bath) solution of 0.60 g (1.28 mmol) N-Boc-N-(t- 
butyloxycarbonylmethyl)-D-Cha-L-Azt-OH (74d) and 0.28 g (1.28 mmol) 4-amino-2- 
(aminomethyl)thieno[3,2c]pyridine hydrochloride (73c) in 5 mL dichloromethane, followed by 
the addition of 0.68 mL (3.83 mmol) N,N-diisopropylethylamine. After 15 min at 0 °C and 2h at 
room temperature, the solution was filtered, the filtrate was extracted with water, the organic 
20 layer was dried (sodium sulfate), filtered, and the solvent was removed i. vac. The residue was 
filtered over silica gel using ethyl acetate : methanol (15 : 1) as an eluent. The solvent was 
removed in vacuo to yield N-Boc-N-(t-butyloxycarbonylmethyl)-D-Cha-L-Azt-Atp as an 
amorphous solid. FAB-MS m/e = 629. 

25 75b. N-fHOOCCH^-D-Cha-L-Azt-Atp TFA) 

2.0 mL Trifluoroacetic acid was added to a solution of 85 mg (0.13 mmol) N-Boc-N-(t- 
butyloxycarbonylmethy!)-D-Cha-L-Azt-Atp in 2 mL dichloromethane. After 3 h, the solvent was 
removed in vacuo, the residue was dissolved in methanol, filtered, and the solvent was removed 
in vacuo to yield 100 mg of an amorphous residue. The residue was purified by column 

30 chromatography (reversed phase RP18 select B; methanol : water = 60:40). The solvent was 
removed in vacuo, the residue was dissolved in methanol, toluene was added, the solvent was 
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removed in vacuo, the residue was triturated with methanol, filtered, and the solvent was 
removed in vacuo to yield the title compound as an amorphous solid. FAB-MS: m/e - 473. 

Example 76 

N-MethvND-phenvlalanvl-N-Kl-amino-6-isoauinolinvnmethvll-L -Drolinamide 
trifluoroacetate (N-Me-D-Phe-Pro-6-Aiq TFA) (16b) 

76» :N-Boc-N-Me-D-Phe-Pro-6-Aiq 

In the manner described in example 74e N-Boc-N-methyl-D-pheny!alanyl-N-[(l-amino-6- 
isoquinolinyO-methyl] L-prolineamide (N-Boc-N-Me-D-Phe-Pro-6-Aiq) was obtained by the 
reaction of N-Boc-N-methyl-D-phenylalanyl-L-proline (N-Boc-N-Me-D-Phe-Pro-OH) with 1- 
amino-6-(aminomethyl)isoquinoline hydrochloride (74c). Amorphous solid. FAB-MS: m/e = 
531. 

76h :N-Me-D-Phe-Pro-6-AiQ TFA 

TheBoc-group of N-Boc-N-Me-D-Phe-Pro-6-Aiqwas removed as described in example 74f, and 
the title compound was obtained as a solid, which decomposed on melting at 72 °C. FAB-MS: 
m/e = 431. 

Example 77 

N-rcarboxvmethvl)-D-nhenvlalanvl-N-f(l-amino-6-isoauinolinvnmethvl1 -L>DroHnamide 
trifluoroacetate fN-fHOOCCH^-D-Phe-Pro-6-Aia TFA) (770 

77a. N-ft-butvloxvcarbonvlmethvlVD-Phe-OMe 

15 mL Hunig-base was added to a suspension of 10.0 g D-phenylalanine-methylester (D-H-Phe- 
OMe) and 5 mL t-butyl bromoacetate in 100 mL dichorornethane (pH = 8). The suspension 
slowly converted into a solution, and after 20 hours at room temperature, it was extracted with 
water, the organic layer was separated, dried (sodium sulfate), filtered, and concentrated i. vac. 
The residue was filtered (silica gel, elution with heptane / ethyl acetate = 2 : 1). Concentration in 
vacuo yielded 6.4 g of the tilte compound as an oil. MS (m/e) = 293. 
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77b. N-Boc>N-ft-butvloxvcarbonvlmethvlVD-Phe-OMe 

25 mL Hunig-base was added to a solution of 16.7 g N-(t-butyloxycarbonylmethyI)-D-Phe-OMe 
and 14.8 g di-t-butyl dicarbonate in 150 mL N, N-dimethylformamide (pH = 8). After 60h at 
room temperature, the N, N-dimethylformamide was removed, the residue dissolved in ethyl 
5 acetate, extracted with water, dried (sodium sulfate), filtered, and concentrated in vacuo to yield 
the title compound as a yellow oil. MS (m/e) = 393. 

77c, N-Boc-N-(t-butvloxvcarbonvlmethvn-D-Phe-OH 

22.4 g N-Boc-N-(t-butyloxycarbonylmethyl)-D-Phe-OMe and 2.3 g sodium hydroxide were 
10 dissolved in 180 mL dioxane and 35 mL water. After 26 hours at room temperature, the solvent 
was removed in vacuo, the residue was dissolved in diethyl ether and extracted with water, the 
aqueous layer was acidified with cone hydrochloric acid and extracted with ether. The organic 
layer was dried (sodium sulfate), filtered, and concentrated in vacuo to yield 18.4 g of the title 
compound as a yellow oil. MS (m/e) = 379. 

15 

77d. N-Boc-N-(NbutvloxvcarbonvlmethvlVD-Phe-Pro-OH 

was prepared analogously to 74d using N-Boc-N-(t-butyIoxycarbonylmethyl)-D-Phe-OH and 
proline and isolated in 79% yield as a yellow oil. MS (m/z) = 476. 

20 77e. N-Boc-N-(t-butvloxvcarbonvlmethvlVD-Phe-Pro-6>Aiq 

In the manner described in example 74e, N-Boc-N-(t-butyloxycarbonylmethyl)-D-Phe-Pro-6-Aiq 
was obtained by the reaction of N-Boc-N-(t-butyloxycarbonylmethyl)-D-Phe-Pro-OH with 1- 
amino-6-(aminomethyl)isoquinoline hydrochloride (74c). Amorphous solid. FAB-MS: m/e = 
631. 

25 

77f. N-(HOOCCH?VD-Phe-Pro-6-Aiq TFA 

The Boc-group and t-butyl ester of N-Boc-N-(t-butyloxycarbonylmethyl)-D-Phe-Pro-6-Aiq were 
removed as described in example 74f, and the title compound was obtained as an amorphous 
solid. FAB-MS: m/e = 475. 
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Example 78 

N-(carboxvmethvn-D-cvclohexvlalanvNN-r(l-aniinO'6-isoauinolinvl)methvn-(N- 
cyclonentvl-glvcinl-amide trifluoroacetate (N-dTOOCCH^-D-Cha-N-cvcIoDentvl-Glv^- 
Aia TFAU78bl 

5 

78a. N-Boc>N>ft-butvloxvcarbonvlmethvlVD-Cha-N-cvclopentvl-Glv-6-Aiq 
In the manner described in example 74e, N-Boc-N-(t-butyloxycarbonyImethyl)-D-Cha-N- 
cyclopentyl-Gly-6-Aiq was obtained by the reaction of N-Boc-N-(t-butyloxycarbonylmethy1)-D- 
Cha-N-cyclopentyl-Gly-OH (73i) with 1 -amino-6-(aminomethyl)isoquinoline hydrochloride 
10 (74c). Amorphous solid. FAB-MS: m/e = 665. 

78b. N-(HOOCCH->VD-Cha-N-cvclopentvUGlv-6-Aiq TFA 

The Boc-group and the t-butyl group were removed as described in example 74f, and the title 
compound was obtained as an amorphous solid. FAB-MS: m/e = 509. 

15 

Example 79 

N-(carboxvmethvn-D-cvclohexv)alanvl-N-ffl-amino-6-isoquino1invnmethvl]-(N- 
cvclohexv1-2lvcinVamide trifluoroacetate rN-(HOQCCH^-D-Cha-N-cvclohexvl-Glv-6-Aiq 
TFAU79e) 

20 

79a. N-Cvclohexyl-Glv-OMe 

was prepared from cyclohexanone (36.9 g) and H-Gly-OMe HC1 (46.4 g) in 400 mL of methanol 
analogously to 73d to give 23.4 g of an oil. MS (m/e) = 171 [M+]. 

25 79b. N-Boc-N-ft-butvloxvcarbonvlmethvlVD-Cha-N-cvclohexvl-Glv-OMe 

was prepared from N-cyclohexyl-Giy-OMe and N-Boc-N-(t-butyloxycarbonylmethyl)-D-Cha- 
OH analogously to 73h. 



30 



79c. N-Boc-N-ft-butvloxvcarbonvlmethvlVD-Cha-N-cvclohexvl-Glv-OH 

was prepared from N-Boc-N-(t-butyloxycarbonylmethyl)-D-Cha-(N-cyclohexyl)-Gly-OMe 
analogously to 731. 
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79d. N-Boc-N-ft-butvloxvcarbonylmethylVD-Cha-N-cyclohexyl-Glv-6-Aiq 
In the manner described in example 74e, N-Boc-N-(t-butyloxycarbonylmethyl)-D-Cha-N- 
cyclohexyl-Gly-6-Aiq was obtained by the reaction of N-Boc-N-(t-butyloxycarbonylmethyl)-D- 
5 Cha-N-cyclohexyl-Gly-OH with l-amino-6-(aminomethyl)isoquinoline hydrochloride (74c). 
Amorphous solid. FAB-MS: m/e = 679. 

79e. N-mQOCCH,VD-Cha-nS[>cvclohexvnGlv-6-Aio TFA 

The Boc-grpup and the t-butyl group were removed as described in example 74f, and the title 
10 compound was obtained as an amorphous solid. Mp. 99 °C (dec); FAB-MS: m/e - 523. 

Example 80 

N-(carboxvmethvlVD-cvclohexvlalanvIVN-[(4-am 

nrolinamide . hydrochloride (N-fflOOCCrliVD-Cha-Pro-Atp . HCO 

15 (step 1; coupling of the fist amino acid to Kaiser oxim resin). N-Boc-Pro-OH, (1.7 g, 8.0 mmol) 
and N.W-dicyclohexylcarbodiimide (0.83 g, 4.0 mmol) in dichloromethane (20 mL) were stirred 
for 1 hour at 0 deg., the precipitate was removed and the solution was added to Kaiser oxim 
resin (1.0 g, 1.0 mmol, swollen in dichloromethane for 2 hours prior to the addition of the 
activated proline derivative). The resin was shaken for 16 h, the solvent was removed, the resin 
20 was washed with dichoromethane and diethyl ether (3 times each) and air dried. 

(step 2; deprotection). 200mg of the N-Boc-Pro-coupled resin was swollen for 2 hours in 
dichloromethane (2ml). 4 mL of 25% trifluoroacetic acid in dichloromethane was added and 
shaken for 2 hours at room temperature. The solvent was removed, the resin was washed with 
dichloromethane, methanol, and diethylether, and air dried. 
25 (step 3; coupling to the second amino acid) 134 mg of the resin from step 2 was swollen in N,N- 
dimethylformamide for 30 min. The solvent was removed, and a solution of 142 mg N-Boc-N-t- 
butyloxycarbonylmethyl)-D-Cha-OH, 118 mg TBTU and 0,04 mL N-methyl morpholine were 
added to the resin. The mixture was shaken for 16 h, the solvent was removed and the resin was 
washed with N,N-dimethylformamide, methanol, and diethylether. 
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(step 4, cleavage of the product from the resin using an amine). 150 mg (0.1 mmol) of the resin 
from step 3 was swollen in dichioromethane for 2 h. The solvent was removed, a mixture of 4- 
amino-2-(aminomethyl)thieno[3,2c]pyridine hydrochloride (73c.) (67 mg, 0.3 mmol) and N,N- 
diisopropylethylamine (0.3 mL) in dichioromethane (2-7 mL) was added to the resin. The 
5 mixture was shaken for 16 hours the solvent was removed and collected, the resin was washed 
with dichioromethane (1 mL). The solutions were combined, the solvent was removed t.vac, the 
residue was dissolved in ethyl acetate and extracted with phosphated buffer (pH = 7.0). The 
organic phase was collected, dried (magnesium sulfate), filtered, and the solvent was removed to 
give N-Boc-N-(t-butyloxycarbonylmethyl)-D-Cha-Pro-Atp (11 mg, 17%), FAB-MS, m/e = 643 
10 [M+]. 

(step 5; deprotection). The product from step 4 was dissolved in 0.5 mL 4 M HC1 in dioxane and 
kept at 5 deg for 16 h. The solvent was removed i.vac, and the product triturated with 
diethylether to give 5 mg (62%) of the target compound. Mp 170 deg (dec); FAB-MS (m/e) 487 
[M+]. 

15 

Example 81 

3-r4-f[3-(4-Aminothieno[3,2clpyridin-2-vn^ 
oxonronionic acid methyl ester 

81a. 3-r4-rBenzovlamino)thienor3.2c]pvridin-2-vllacrvlic acid 
20 A mixture of N-(2-formylthienot3,2c]pyridin-4-yl)benzamide (3d: 5.2 g, 18.5 mmol), malonic 
acid (3.83 g, 36.8 mmol), and piperidine (0.73 mL, 7.4 mmol) in 57 mL of pyridine was heated at 
105°C during 5.5 hours. After evaporation of pyridine, water was added and 0.1 N hydrochloric 
acid until pH=3. The precipitate formed was collected by filtration, washed with water and 
acetone to yield a yellow compound (3.9 g). 

25 

81b. 3-(4-Aminothienor3.2c1pvridin-2-vnacrvlic acid 

A solution of 3-[4-(benzoyiamino)thieno[3,2c]pyridin-2-yl]acrylic acid (3.9 g, 12 mmol) in 4 N 
hydrochloric acid (760 mL) and acetic acid (240 mL) was heated at reflux during 20 hours. 
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The reaction mixture was cooled, then the precipitate formed was filtered off and washed with 
diethyl ether, and dried under vacuum to yield the title compound (2.3 g). 

81c. 3-Oxo-3-(4-oxopiperidin-l-vnpropionic acid methvl ester 
5 To a solution of 4-piperidone monohydrate, hydrochloride (30.7 g; 0.2 mol), sodium carbonate 
(42 g; 0.4 mol) in water (160 mL) was added dichloromethane (500 mL). 

The mixture was stirred at room temperature and a solution of methyl malonylchloride (26 ml; 
1.2 eq) in dichloromethane (100 mL) was added dropwise at room temperature, keeping the 
temperature of the reaction mixture below 30°C. The pH was maintained at 8 at the end of the 
10 addition. The mixture was stirred 4 hours at room temperature. The residue was extracted twice 
with dichloromethane, dried over magnesium sulfate and evaporate to yield the title compound 
(37.4 g). 

81d. 3-(4-( r Methvlamino > )piperidin-l-vlV3-oxopropionic acid methvl ester h ydrochloride 
15 To a solution of methylamine hydrochloride (67.5 g, 10 eq) in methanol (520 mL) was added a 
solution of 3-oxo-3-(4-oxopiperidin-l-yl)propionic acid methyl ester (20 g; 0.1 mol) in methanol 
(170 mL) and stepwise sodium cyanoborohydride (powder; 5.03 g, 0.08 mol). The reaction 
mixture was stirred 24 hours at room temperature. After addition of a saturated water solution of 
sodium carbonate, the residue was evaporated and extracted with dichloromethane. The organic 
20 phase was dried and evaporated to yield the crude 3-(4-(methylamino)piperidin-l-yI)-3- 
oxopropionic acid methyl ester (1 1 .6 g) which was converted to the hydrochloride with hydrogen 
chloride in ethyl acetate / methanol. 

8le. 3-f44r3-(4-Ajninothienor3.2c1pvridi 

25 oxopropionic acid methyl ester 

To a solution of 3-(4-aminothieno[3,2c]pyridin-2-yl)acrylic acid (1 g, 3.9 mmol) in 110 mL of 
N,N-dimethylformamide, under nitrogen, was added N-ethylmorpholine (1.5 mL, 11.7 mmol), 
hydroxybenzotriazole (0.53 g, 3.9 mmol) followed by 3-(4-(methylamino)piperidin-l-yl)-3- 
oxopropionic acid methyl ester hydrochloride (0.98 g, 3.9 mmol) and N'-(3- 

30 dimethylaminopropyl)-N-ethyl carbodiimide hydrochloride (EDC). The reaction mixture was 
stirred at room temperature during 4 hours. After evaporation of N,N-dimethyIformamide under 
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reduced pressure, the residue was dissolved in 200 mL of dichloromethane. Tne organic phase 
was washed water, saturated sodium hydrogencarbonate and water, dried with magnesium 
sulfate, and evaporated to yield the pure the title compound after several washing with diethyl 
ether, and drying under vacuum (600 mg). m.p. = 130°C 
5 Calculated % C: 57.58 H: 5.81 N: 13.44 

Found % C: 55.78 H: 5.84 N: 13.05 

Example 82 

3-r4-ff3-(4-AminothSenof3aclDvridin>2-vnacrvlovlUmethvnamino|pin eridin-l-vllO- 

10 oxopronionic acid dihvdrdchloride 

A solution of 3-[4-[[3-(4-aminothieno[3,2c]pyridin-2-yl)acryloyl](methyl)amino]piperidin-l-yI]- 
3-oxopropionic acid methyl ester (0.1 g, 2.4 mmol) in 3N hydrochloric acid (10 mL) was stirred 
during 24 hours at room temperature. Hydrochloric phase was evaporated under pressure. The 
residue was triturated with acetone, to yield the title compound as crystals, which were dried 
15 under vacuum with P2O5. (80 mg). m.p. = 200°C. 

Calculated % C: 48.00 H: 5.09 N: 1 1.79 

Found% C: 47.73 H: 5.12 N: 11.59 

Example 83 
20 3-f4-(T3-n-amin6-6-isoauinolinv^ 
acid methyl ester 

Using the method described in example 81a N-(6-formyl-l-isoquinolinyl)benzamide (If) was 
transformed into 3-(l-(benzylamino)-6-isoquinolinyI)acrylic acid. This compound was used to 
prepare 3-(l-amino-6-isoquinolinyl)acrylic acid according to the procedure described in example 
25 81b. Reaction of 3-(l-amino-6-isoquinolinyl)acrylic acid with 3-(4-(methylamino)piperidin-l-yl)- 
3-oxopropionic acid methyl ester hydrochloride according to the procedures described in 
example 8 le yielded the title compound. NMR (CDCb) 8: 1.8 (4H, m), 2.7 (1H, m), 3.0 (3H, s), 
3.2 (1H, m), 3.5 (2H, d), 3.7 (3H, s), 3.9 (1H, br d), 4.8 (2H, m), 4.9 (2H, br s), 7.0 (1H, d), 7.5 
(1H, d), 7.65 (1H, d), 7.8 (3H, m), 8.0 (1H, d). 

30 
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Example 84 

3-(4-(f3-n-amino-6-isoquinolmv0aci^lovH(methv0a 
acid hydrochloride 

The method is the same as in example 82 but starting from 3-(4-{[3-(l-amino-6-isoquinolinyl)- 
5 acryloyl](methy])amino]piperidin-l-yl)-3-oxo-propionic acid methyl ester (Example 83) 

NMR(DMSO) 5: 1.8 (4 H, m), 2.7-3.4 (5H, m + 2s), 3.5 (2H, s), 3.9 (1H, br d), 4.3-4.9 (2H, m 
+ br d), 7. 1-8.9 (7H, m), 9.4 (2H, br s), 13.4 (1H, br s) 

Example 85, 

10 (7-Methoxvnaphthalen-2-yl)sulfonic acid n-ll-amino-7-isoquinoHnvlmethvl|-2- 
oxopyrrolidin-3-(S)-vllamide hydrochloride (85j.) 

85a. 7-Methoxv-isoquinoline 

Aminoacetaldehyde dimethyl acetal (81.9 mL) was added to a solution of 60.8 mL of 3-methoxy- 
15 benzaldehyde in 600 mL of toluene. The mixture was refluxed for 5 h using a Dean-Stark trap 
and subsequently cooled to 5°C. In a nitrogene atmosphere trifluoroacetic acid anhydride (209 
mL) and borontrifluoride etherate (185 mL) were added in succession at such a rate, that the 
internal temperature was kept below 10°C. After stirring for 3 days at room temperature the the 
reaction mixture was poured on ice, 250 mL 2 N hydrochloric acid added and the organic layer 
20 extracted with 1 N hydrochloric acid. The pH value of the combined aqueous extracts was 
adjusted to pH 9 by adding concentrated aqueous ammonia. Extraction with ethyl acetate, 
followed by drying and removal of the solvent in vacuo gave 66.9 g (84%) of the title compound 
as a light brownish oil. EI-MS: 159 (M + ). 

25 85b. 7-Methoxv-isoquinoline-N-oxide hydrochloride : 

At room temperature 58 g of m-chloroperoxybenzoic acid (purity 75%) were added in portions 
to a stirred solution of 7-methoxy-isoquinoline (35.9 g) in 500 mL of dichloromethane. Stirring 
was continued for 3 hours and subsequently methanol (400 mL) was added. The bulk was 
reduced to 300 mL and 325 mL of a saturated solution of hydrogen chloride in diethyl ether were 

30 added. Dilution with 600 mL of diethyl ether afforded precipitation of yellow crystals, which 
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were separated by filtration, washed with chilled diethyl ether and dried in vacuo. Yield: 41.3 g 
(87%); m.p. 185-187°C; (+)-FAB-MS: 176 (MH + -HC1). 

85c. 1 -Chloro-7-methoxv-isoquinoline : 
5 7-Methoxy-isoquinoline-N-oxide hydrochloride (38.2 g) was added in portions to phosphoryl 
chloride (275 mL) and the mixture heated at 90°C for 6 h. Excess of phosphoryl chloride was 
removed in vacuo. The remaining white solid was washed with water, filtered and dried in vacuo. 
Yield: 28.3 g (81%); m.p. 77-78°C 

10 85d. 7-Methoxv-isoquinolin- 1 -vlamine 

Liquid ammonia (220 mL) was added to a solution of 32.8 g of l-chloro-7-methoxy-isoquinoIine 
in 420 mL of ethanol in a steel vessel. Nitrogen was pressed upon until an initial pressure of 20 
atm. was obtained. This reaction mixture was heated for 2 days at 170°C. The solvent was 
removed in vacuo and the residue dissolved in water. The pH value was adjusted to pH 10 by 

15 adding aqueous sodium carbonate solution, followed by extraction with ethyl acetate. The 
organic extract was washed with brine and dried (Na 2 S0 4 ). Evaporation of the solvent in vacuo 
gave pure 7-methoxy-isoquinolin-l-ylamine as a white solid. Yield 24.0 g (81%); m.p. 128- 
130°C. 

20 85e. 1 - Amino-isoquinolin-7-ol 

Boron tribromide (35 mL) in 50 mL of dichloromethane was added dropwise to a stirred solution 
of 7-methoxy-isoquinolin-l-ylamine (21.6 g) in 70 mL of dichloromethane at 10°C. After stirring 
for 4 d at ambient temperature the reaction mixture was poured on ice and the pH adjusted to pH 
9 by adding concentrated aqueous ammonia. The precipitated material was collected by filtration 

25 and dried in vacuo to give 19.3 g (97%) of the title compound as a light brownish solid. M.p. 
260°C (decomp.); EI-MS: 160 (M*). 

85f. Trifluoro-methanesulfonic acid l-amino-isoquinolin-7-vl ester 

A mixture of 20.0 g of l-amino-isoquinolin-7-ol and 67.2 g of N-phenyl-bis(trifluoromethane- 
30 sulfonimid) in 300 mL of dichloromethane and 300 mL of dioxane was cooled in an ice bath and 
26.9 mL of N,N-diisopropylethylamine added dropwise. The resulting mixture was heated for 24 
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h at 70°C, after which the volatiles were removed in vacuo. The remaining residue was dissolved 
in ethyl acetate, washed with successive portions of 2N NaOH, water and brine and dried 
(Na 2 S0 4 ). Filtration and concentration afforded a colourless oil, which was purified by silica 
chromatography (ethyl acetate/isohexane = 3/7, 4/6, 5/5, 6/4, 7/3) yielding 35.4 g (92%) of the 
5 title compound as yellow crystals. M.p. 115-1 18°C; EI-MS: 292 (M*). 

85g. l-Amino-isoquinoline-7-carbonitrile 

Palladium acetate (0.9 g) was added to a heated mixture of trifluoromethanesulfonic acid 1- 
amino-isoquinolin-7-yl ester (5.8 g), zinc cyanide (2.3 g) and triphenylphosphine (1.0 g) in 75 

10 mL of N-methyl-pyrrolidone at 190°C (exothermic!). Stirring was continued at 190°C for 2 h. 
Precipitated material was removed by filtration and discarded. Ethyl acetate was added and the 
organic mixture washed with 2N aqueous ammonia, water and brine and dried (Na 2 S04). 
Filtration and concentration afforded a brownish oil, which was purified by silica 
chromatography (ethyl acetate/isohexane = 3/7, 4/6, 5/5, 6/4, 7/3, 8/2) to give 3.2 g (94%) of the 

15 title compound as yellow crystals. M.p. 183-1 86°C. 

85h. l-amino-7-(aminomethy0isoquinoline 

Liquid ammonia (210 mL) was added to a mixture of 4.2 g of l-amino-isoquinoline-7- 
carbonitrile and 4.0 g of Raney-Ni in 210 mL of methanol in a steel vessel. Hydrogen was 
20 pressed upon until an initial pressure of 100 atm. was obtained. This mixture was reacted for 16 
hours at ambient temperature, the catalyst subsequently removed by filtration and the solvent 
pumped off. The residue was purified by silica chromatography (methanol / ammonia saturated 
methanol = 85:15, 8:2) yielding l.l g (25%) of the title compound as a light yellow solid. M.p. 
114-1 1 7°C 

25 

85i. fl-( l-amino-7-isoquinolinvlmethvlV2-oxopvrrolidin-3-(S^vl1carbamic acid tert-butvl ester 
To a solution of 0.3 g of Boc-L-Asp(H)-OBn (WO 96/40679) dissolved in 2mL methanol was 
added 176 mg of t-amino-7-(aminomethyI)isoquinoline. After stirring for 30 minutes, a solution 
of 80 mg sodium cyanoborohydride and 90 mg zinc chloride in 2 mL methanol was added. The 
30 mixture was stirred for an additional two hours. After this time, 7 mL of an aqueous 0.2 N 
sodium hydroxide solution was added and the resulting mixture was concentrated. The residue 
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was treated with lOOmL dichloromethane and 10 mL water, filtered and an additional 100 mL 
water was added to the filtrate. The organic layer was separated and washed with aqueous 5% 
sodium hydrogencarbonate and brine. All aqueous layers were washed twice with 
dichloromethane. The combined organic layers were dried over sodium sulfate and concentrated. 
5 The residue was purified by column chromatography on silica gel eluting with a gradient of ethyl 
acetate / dichloromethane / methanol = 10/10/1 to dichloromethane / methanol = 10/1 to give 
146 mg of the title compound. 

Rf = 0.3 in ethyl acetate / dichloromethane / methanol = 10/10/2 (v/v) on silica. 

10 85j. ( 7-Methoxvnaphthalen-2>vnsulfonic acid ( 1-[l-amino-7-isoquinolinvlmethvn-2- 
oxopvrrolidin-3-(SVvl) amide hydrochloride 

To a stirred solution of 146 mg of [l-(l-amino-7-isoquinolinylmethyl)-2-oxopyrrolidin-3- 
(S)yl]carbamic acid tert-butyl ester in 2 mL dichloromethane and 0. 1 mL methanol was added 5 
mL of a 3M hydrogenchloride solution in dioxane. After stirring for 50 minutes at room 

15 temperature the mixture was concentrated. To the residue was added 10 mL dichloromethane, 
0.285 mL N,N-diisopropylethylamine and 118 mg 7-methoxynaphthalen-2-ylsulfonylchlorideand 
stirred at room temperature for 16 hours. Dichloromethane was added and the mixture was 
extracted with aqueous 5% sodium hydrogencarbonate and brine. Both aqueous extracts were 
washed with dichloromethane and the combined dichloromethane extracts were dried over 

20 sodium sulfate and concentrated. The residue was purified by column chromatography on silica 
gel eluting with ethyl acetate / dichloromethane / methanol = 10/10/2 to give the free base. This 
free base was dissolved in tert-butanol, one equivalent hydrochloric acid was added and 
lyophilisation gave 90 mg of the title compound. 
MS ESI+ : 477 (M+H). 

25 

Example 86. 

(7-Methoxvnaphthalen-2-vnsulfonic acid (l>I(4»amino-furoy3,2-clDvridin-2 -vnmethv11-2- 
oxopvrrolidm-3-(SVvUamide hydrochloride (86f.) 



30 86a. Furof3.2-clpyridin-4-vlamine 
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The procedure described to prepare 7-methoxyisoquinolin-l-ylamine was used to convert 15.3 g 
of 4-chloro-furo[3,2-c]pyridine into 12.2 g of the title compound as a brownish solid, m.p. 122- 
124°C; EI-MS: 134 (M + ). 

5 86b. 2-Iodo-njror3.2-c1pvridin-4-vlamine 

Furo[3,2-c]pyridin-4-ylamine (7.8 g) was dissolved in 175 mL of glacial acetic acid and sodium 
acetate (14.3 g) added in portions (exothermic!). Subsequently a solution of iodine (44. 2g) in 
150 mL of tetrahydrofiiran was added dropwise and the resulting mixture allowed to stir for 4 d 
at ambient temperature. The mixture was poured on ice and the pH value adjusted to pH 10 by 
10 adding 10 N sodium hydroxide solution, followed by extraction with ethyl acetate. The organic 
extract was washed several times with sodium thiosulfate solution and brine, dried (Na 2 S04) and 
concentrated. The crude product was purified by silica chromatography (ethyl acetate/isohexane 
= 5/5, 7.5/2.5, 10/0) to give 10.3 g (68%) of the title compound as a brownish solid. M.p. 
170-173°C; EI-MS: 260 (M*). 

15 

86c. 4-Amino-njro[3.2-c1pvridine-2-carbonitrile 

This compound was prepared from 2-iodo-furo[3,2-c]pyridin-4-ylamine (5.2 g), zinc cyanide 
(3.6 g), triphenylphosphine (2.1 g) and palladium acetate (1.8 g) in 75 mL of N-methyl- 
pyrrolidone using the procedure described for l-amino-isoquinoline-7-carbonitrile . Yield: 2.0 g 
20 (64%); yellow solid; m.p. 280°C (decomp). 

86d. 4-Amino-2-faminomethvnfuro[3.2-c1pvridine 

This compound was prepared from 4-amino-furo[3,2-c]pyridine-2-carbonitrile (5.7 g), using the 
procedure described for l-amino-7-(aminomethyl)isoquinoline . Yield: 3.5 g (60%); yellow 
25 crystals; m.p. 142-144°C; EI-MS: 163 (M*). 

86e. ri-f(4-amino-njror3.2-clpvridin-2-vnmethvlaminoV2-oxopvrrolidin-3-(SVllca rbamic acid 
tert-butyl ester 

Using the procedure described in example 85i 166 mg of 4-amino-2-(aminomethyl)fiiro[3,2- 
30 c]pyridine was transformed into 1 50 mg of the title compound. MS ESI+: 347 (M+H). 
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86f. ( 7-Methoxvnaphthalen-2-v0sulfonic acid ( l-rf4-amino-fiiror3.2-clpvridin-2-vnmethvn>2- 
oxopviTolidin-3-( S)-vl ) amide hydrochloride 

Using the procedure described in example 85j 150 mg of [l-((4-amino-furo[3,2-c]pyridin-2- 
yl)methylamino)-2-oxopyrrolidin-3-(S)yl]carbamic acid tert-butyl ester was transformed into 110 
5 mg of the title compound. MS ESI+: 467 (M+H). 

Example 87. 

n-Methoxvnaphthalen-2-vnsulfonic acid (l-ri-amino-6-isoquinolmvlmethvll-2- 
oxoDvrro1idin-3-(SVyl} amide hydrochloride 

10 Using the procedure described in example 85 176 mg of l-amino-6-(aminomethyl)isoquinoline 
was transformed into 81 mg of the title compound. MS ESI+: 477 (M+H). 

Example 88. f 
n-Methoxvnanhthalen-2-vnsulfonic acid n-f(4-amino>thienof3.2-clDyridin-2-y]^methyl1- 
15 2-oxopvrrolidin-3-(S)-vUamide hydrochloride 

Using the procedure described in example 85 184 mg of 4-amino-2-(aminomethyl)thieno[3,2- 
c]pyridine was transformed into 222 mg of the title compound. MS ESI+: 483 (M+H). 

Example 89. 

20 l-Amino-6-[a-(3-(cvclohexylmethvlsulfonvlaminoV6-methvU2«oxo--K2-dihvdropvridinvn- 
1-oxo-ethvDaminomethvllisoqiiinoline hydrochloride (89b.) 

89a. [ 3-(cvclohexvlmethvlsulfonvlaminoV6-methvl-2-oxo- 1 »2-dihvdropvridinvl'| -acetic acid 

To a stirred solution of 0.71 g of tert-butyl [3-amino-6-methyl-2-oxo-l,2-dihydropyridinyt]- 

25 acetate (WO 97/01338) at 0°C under a nitrogen atmosphere was added 0.60 mL cyclohexyl- 
methanesulfonyl chloride (J.F. King et al J. Am. Chem. Soc. 114, 1743 (1992)). After stirring at 
room temperature for 3 hours the reaction mixture was concentrated. The residue was dissolved 
in ethyl acetate, washed successively with 0. 1 N hydrochloric acid, water and brine, dried over 
sodium sulphate and concentrated. The residue was dissolved in a mixture of 0.2 mL water and 

30 1.8 mL trifluoroacetic acid. After stirring at room temperature for 4 h, water and ethyl acetate 
were added. The organic layer was separated, washed twice with 0.1 N hydrochloric acid, dried 
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over sodium sulphate and concentrated. The solid residue was washed with a cold 
dichloromethane/diethyl ether mixture to give 0.72 g of the title compound. 
TLC: Rf=0.25, dichloromethane/methanol=9/l v/v on silica. 

5 89b. 1 -Amino-6-lY2-(3-( cvclohexvlmethvlsulfonvlaminoV6-methyN2-oxo- 1 ^-dihvdropvridinvlV 
1 -oxo-ethvOaminomethvl]isoquinoline hydrochloride 

To a stirred solution of 0.14 g of [3-(cyclohexyimethyisulfonylamino)-6-methyl-2-oxo-l,2- 
dihydropyridinyl]-acetic acid and 0.07 g of l-amino-6-(aminomethyl)isoquinoline in 5mL 
dichloromethane and 2 mL N,N-dimethylformamide was added 0.19 g 2-(lH-benzotriazol-l-yl)- 

10 1,1,3,3-tetramethyluronium tetrafluoroborate (TBTU). After 16 h at room temperature 
additional 50 mg TBTU and 0.10 mL N-methylmorpholine were added and the mixture was 
stirred at room temperature for an additional 16 h. Dichloromethane was added and the reaction 
mixture was washed with aqueous saturated sodium hydrogencarbonate and water. Both 
aqueous washes were extracted three times with dichloromethane. The combined organic phases 

15 were dried over sodium sulphate and concentrated. The residue was purified by chromatography 
on silica gel (eluent: dichloromethane / methanol = 9/1 v/v) to yield the free base. This free base 
was dissolved in a mixture of t-butanol/ water =1/1 (v/v) and one equivalent hydrochloric acid 
was added. Lyophilisation yielded 135 mg of the title compound. MS ESI+: 498 (M+H). 

20 Example 90. 

l-Amino-6-f(2-(3>(benzvlsulfonvlaminoV6>methvl-2-oxo-l,2-dihvdroDvridinylVl>oxo- 
ethvOaminomethvllisoquinoline hydrochloride (89b.) 

The procedure decribed in example 89 was used to convert 168mg of [3-(benzylsulfonylamino> 
6-methyl-2-oxo-l,2-dihydropyridinyl]-acetic acid (WO 97/01338) into 99 mg of the title 
25 compound. MS ESI+: 492 (M+H). 

Example 91 

(2-(2-(SV[n-Amino-isoquino1in-6-vlmeth^ 
phenvl-ethvlVcarbamic acid isonronvl ester hvdroacetate (91 d) 

30 

9la. (RMsopropoxv-carbonvlamino-phenvl-acetic acid 
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A mixture of (D)-phenylglycine (5.0 g) in 66 mL of 1 N NaOH was cooled in an ice bath, 33 mL 
of isopropyl chloroformate (1 M solution in toluene) added dropwise and the resulting mixture 
was stirred for 16 h at ambient temperature. After adding aqueous NaOH (pH 1 1) the organic 
layer was discarded. KHS0 4 was added and the acidified aqueous solution extracted with ethyl 
acetate several times. Evaporation of the solvent in vacuo gave pure (R)-isopropoxy- 
carbonylamino-phenyl-acetic acid. Yield: 6.3 g (81%); white solid; m.p. 123-127°C; (-)-APCI- 
MS: 236 ([M-H]'). 

91b. 1 -frRVIsopropoxvcarbonvlamino-phenvUacetvn-pvrrolidine-2-f SV carboxvlic acid methyl 
ester 

A mixture of (R)-Isopropoxycarbonylamino-phenyl-acetic acid (0.74 g), (L)-proline methyl ester 
hydrochloride (0.51 g), N-methyl morpholine (1.00 mL) and 1.00 g of 2-(lH-benzotriazole-l- 
yl)-l,l,3,3-tetramethyluronium tetrafluoroborate (TBTU) in 10 mL of dry N,N-dimethyI 
formamide was stirred for 3 h at ambient temperature. The volatiles were pumped off and water 
was added followed by extraction with ethyl acetate and concentration of the organic layer. The 
remaining residue was purified by silica chromatography (ethyl acetate/isohexane = 3/1) to give 
0.95 g (91%) of the title compound as a colorless oil. (+)-APCI-MS: 349 (MIT). 

91c . l-frRVIsopropoxvcarbonvlamino-phenvl-acetvl]-pvrrolidine-2-f SVcarboxvlic acid 
A mixture of l-[(R)-isopropoxycarbonylamino-phenyl-acetyl]-pyrrolidine-2-(S)-carboxylic acid 
methyl ester (0.95 g) and 0.13 g of LiOH in 20 mL of methanol and 5 mL of water was stirred 
for 16 h at ambient temperature. KHS0 4 was added, the volatiles were pumped off followed by 
addition of water, extraction with ethyl acetate and concentration of the organic layer to give 
0.76 g (83%) of the title compound as a white solid. (+)-APCI-MS: 335 (MfT). 

91d. SVU 1 - Amino-isoquinolin-6-vlmethvl V carbamovll- pvrrolidin- 1 -vl ) -2-oxo- 1 -fRV 

phenvl-ethvlVcarbamic acid isopropyl ester hvdroacetate 

A mixture of l-[(R)-isopropoxycarbonylamino-phenyl-acetyl]-pyrrolidine-2-(S)-carboxylic acid 
(0.20 g), 6-aminomethyl-isoquinolin-l-ylamine (0.6 mmol), N-methyl morpholine (0.2 mL) and 
0.19 g of 2-(lH-benzotriazole-l-yl)-l,l t 3,3-tetramethyluronium tetrafluoroborate (TBTU) in 3 
mL of dry N,N-dimethyl formamide was stirred for 3 h at ambient temperature. 0.120 mL 
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CH3COOH were added, the mixture was concentrated and the remaining residue was purified by 
HPLC (RP-18; H 2 0/CHjOH 95/5 -> 0/100) to give 0.10 g (35%) of the title compound as a 
colorless oil. (+)-APCI-MS: 490 (MPT). 

5 Example 92 

fl-(RW2-(SVfn-Amino-isoqumolin-6^ 

SsoproDvUsulfanvl-2-methvl-proDvlVcarbamic acid ethyl ester hvdroacetate (92e) 

92a. 2-rRVAmino-3-isopropvlsulfanvl-3-methvUbutvric acid 

10 NaH (1.3 g) was added in portions to 70 mL ethanol while cooling. Subsequently D- 
penicillamine (4.0 g) was added. The mixture kept stirring for 5 minutes at 5°C, after which 
isopropyl iodide (2.8 mL) was added. The mixture was allowed to stir 16 h at ambient 
temperature. 2 N HC1 was added followed by evaporation of the volatiles to give 1 1.9 g crude 2- 
(R)-amino-3-isopropylsulfanyl-3-methyl-butyric acid, which was used in the next step without 

15 further purification. 

92b. 2-(RVEthoxvcarbonvlamino-3-isopropvlsulfanvU3-methvl-butvric acid 
2-(R)-Amino-3-isopropylsulfanyl-3-methyl-butyric acid (approx. 27 mmol; crude material from 
the previous step) was dissolved in 40 mL of water and 40 mL of dioxane and pH 9.5 was 

20 adjusted by adding aqueous NaOH. Ethyl chloroformate (3.3 mL) was slowly added at 5°C while 
maintaining pH 9.5 by addition of the appropriate amount of aqueous NaOH. Stirring was 
continued for 6 h at room temperature. Aqueous NaOH was added (pH 1 1 ) and the dioxane 
removed in vacuo followed by extraction of the remaining aqueous solution with ethyl acetate. 
KHSO4 was added and the acidified aqueous solution extracted with ethyl acetate several times. 

25 Evaporation of the solvent in vacuo gave a yellow oil, which was purified by HPLC (RP-18; pH 
2.3; H2O/CH3OH 3/7) to give 1.50 g (21%) of the title compound as a colorless oil. (+)-APCI- 
MS: 264 (MIT). 



92c. l-[2-fRVEthoxvcarbonvlamino-3-isopropvlsulfanvl-3-methvl-butvrvM-p vrrolidine-2-(SV 
30 carboxvlic acid methyl ester 
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A mixture of (L)-proline methyl ester hydrochloride (0.28 g), 2-(R)-ethoxycarbonylamino-3- 
isopropylsulfanyl-3-methyl-butyric acid (0.44 g), N-rnethyl morpholine (0.73 mL) and 0.54 g of 
2-(lH-benzotriazole-l-yl)-l,l,3 > 3-tetramethyluronium tetrafluoroborate (TBTU) in 10 mL of dry 
N,N-dimethylformamide was stirred for 16 h at ambient temperature. The volatiles were pumped 
5 off and water was added followed by extraction with ethyl acetate and concentration of the 
organic layer. The remaining residue was purified by silica chromatography (ethyl 
acetate/isohexane = 1/1) to give 0.45 g (72%) of the title compound as a colorless oil. (+)-APCI- 
MS: 375 (MH + ). 

10 92d. l42^RVEthoxvcarbonvlaminoO-isopropvlsulfanvl-3-methvl-butvn/lVpyrrolidin e-2-(S)- 
carboxvlic acid 

A mixture of l-[2-(R)-ethoxycarbonyiamino-3-isopropylsulfanyl-3-methyl-butyryl-]-pyrrolidine- 
2-(S)-carboxylic acid methyl ester (0.45 g) and 0.06 g of LiOH in 6 mL of methanol and I mL 
of water was stirred for 16 h at ambient temperature. KHS0 4 was added, the volatiles were 
15 pumped off followed by addition of water, extraction with ethyl acetate and concentration of the 
organic layer to give 0.34 g (79%) of the title compound as a colorless oil. (+)-APCI-MS: 361 
(MIT). 

92e. ( 1 -fRV ( 2-( S Y\( 1 - Amino-isoQuinolin-6-vlmethvlVcarbamovn-pvrro lidin- 1 -carbonvl ) -2-iso- 

20 propvlsulfanvl-2-methvl-propvlVcarbamic acid ethvl e ster hvdroacetate 

A mixture of l-[2-(R)-ethoxycarbonylamino-3-isopropylsulfanyl-3-methyl-butyryl]-pyrrolidine-2- 
(S)-carboxylic acid (0.160 g), 6-aminomethyi-isoquinolin-l-ylamine (0.078 g), N-methyl 
morpholine (0.14 mL) and 0.14 g of 2-(lH-benzotriazole-l-yl)-l,l,3,3-tetramethyluronium 
tetrafluoroborate (TBTU) in 3 mL of dry N,N-dimethyl formamide was stirred for 3 h at ambient 

25 temperature. 0.100 mL CH 3 COOH were added, the mixture was concentrated and the remaining 
residue was purified by HPLC (RP-18; H 2 0/CH 3 OH 95/5 -> 0/100) to give 0.17 g (66%) of the 
title compound as a colorless oil. (+)-APCI-MS: 516 (MPT). 



30 



Example 93 

f2-(2-(SHn-Amino-isoauinolin-6-vlme^ 
phenvl-ethyH-carbamic acid isobutvlester hvdroacet ate (93d) 
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93a. fRVlsobutoxv-carbonvlamino-ph envl-acetic acid 

The procedure described for example 91a was used. Reaction of 2.0 g of (D)-phenylgtycine and 
2.0 mL of isobutyl chloroformate gave 0.4 g (12%) of the title compound as a colorless oil. (-)- 
APCI-MS: 250 ([M-H]"). 

93b. i,[rRVIsobutoxvcarbonvlamino-phen v l-acetvn-Dvrrolidine-2-(SVcarboxYlic acid methyl 
ester 

The procedure described for example 91b was used. From 0.40 g of (R)- 
isobutoxycarbonylamino-phenyl-acetic acid and 0.26 g of (L)-proline methyl ester hydrochloride 
0.45 g (78%) of the title compound was obtained as a colorless oil. (+)-APCI-MS: 363 (MH + ). 

93c. l-[(RVIsobutoxvcarbonvlamino-Dhenvl-acetvl] -pvrrolidine-2-fS)-carboxylic acid 
Starting with 0.45 g of 1 -[(R)-isobutoxycarbonylamino-phenyl-acetyl]-pyrrolidine-2-(S)- 
carboxylic acid methyl ester using the procedure described for example 91c gave 0.38 g (88%) of 
the title compound as a white solid. (+)-APCI-MS: 349 (MH*). 

93d. (2-(2-fSVrn-Amino-isoquinolin-6-vlmethvlVcarbamovlVpvrrolidin-l-yl)-2-oxo -l'(R> 
phenvl-ethvlVcarbamic acid isobutvlester hvdroacetate 

The procedure described in example 91d was used to transform 0.100 g of 1-[(R)- 
isobutoxycarbonylamino-phenyl-acetyl]-pyrrolidine-2-(S)-carboxylic acid into 0.045 g (32%) of 
the title compound. (+)-APCI-MS: 504 (MH*). 

Example 94 

(2-(2-(SVr(l-Amino-isoauinolin-6-vlmethv1Vcarbamovll-pvrroli din-l>vl)-2-oxo«l--(R)- 
phenvl-ethvlVcarbamic acid ethyl ester hvdroaceta te (94d) 

94a. (RVEthoxv-carbonvlamino-phen vl-acetic acid 

The procedure described for example 91a was used. 2.0 g of (D)-phenylglycine as starting 
material gave 2.1 g (71%) of the title compound as a white solid. M.p. 143-150°C; (-)-APCI- 
MS: 222 ([M-H]"). 
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94b. l-[rRVEthoxvcarbonvlamino-phenvl-acetvlVpvrrolidine-2-(SVcarb oxvlic acid methyl ester 
Reaction of 2.0 g of (R)-ethoxycarbonylamino-phenyl-acetic acid and 1.50 g of (L)-proline 
methyl ester hydrochloride according to the procedure described for example 91b gave 1.70 g 
(57%) of the title compound as a colorless oil. (+)-APCI-MS: 335 (MPT). 

94c. urfRVEthoxycarbonvlamino>phenvl-acetvl]-pyrrolidi ne-2-fSVcarboxvlic-acid 
Saponification of 1 .70 g of l-[(R)-ethoxycarbonylamino-pheny!-acetyl]-pyrrolidine-2-(S)- 
carboxylic acid methyl ester according to the procedure described in example 91c gave 1.44 g 
(88%) of the title compound as a white solid, (m.p. 163-166°C). (+)-APCI-MS: 321 (MH*). 

94d. (2- 1 2-(S Vf ( 1 - Amino-isoqu inolin-6-vlmet hvl V carbamoyl Vpvrrolidi n- 1 -vl ) -2-oxo- 1 -(R)- 
phenvl-ethvO-carbamic acid ethyl ester hvdroacetate 

The procedure described for example 9 Id. was used to convert 0.35 g of 1-[(R)- 
ethoxycarbonylamino-phenyl-acetyI]-pyrrolidine-2-(S)-carboxyIic acid into 0.31 g (53%) of the 
title compound. (+)-APCI-MS: 476 (MFT). 

Example 95 

n--(RV(2-(SVin"Amino-isoauinoHn-6-vlmethvn-carbamovll"Pvrrolidin-l-ca rbonvU-2-- 
isopropylsulfanvl-2-methvl-nropvn-carbamic acid isopropyl ester hvdroacetate (95d) 

95a. 2-rRVIsopropoxvcarbonvlamino-3-isopropvlsulfanvU3-methvl-butyric acid 
2-(R)-Amino-3-isopropylsulfanyl-3-methyl-butyric acid (17 mmol; crude material obtained from 
D-penicillamine and isopropyl iodide) was dissolved in 40 mL of water and 40 mL of dioxane 
and pH 9.5 was adjusted by adding aqueous NaOH. Isopropyl chloroformate (22 mL; 1 M 
solution in toluene) was slowly added at 5°C while maintaining pH 9.5 by addition of the 
appropriate amount of aqueous NaOH. Stirring was continued for 6 h at room temperature. 
Aqueous NaOH was added (pH 1 1) and the dioxane removed in vacuo followed by extraction of 
the remaining aqueous solution with ethyl acetate. KHSO4 was added and the acidified aqueous 
solution extracted with ethyl acetate several times. Evaporation of the solvent in vacuo gave a 
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yellow oil, which was purified by HPLC (RP-18; pH 2.3; H 2 0/CH 3 OH 3/7) to give 3.0 g (64%) 
of the title compound as a colorless oil. (-)-APCI-MS: 276 ([M-H]*). 

95 b. l-[2-fRMsopropoxvcarbonvlamino^^ 
5 (SVcarboxvlic acid methyl ester 

Reaction of 0.54 g of (L)-proline methyl ester hydrochloride and 0.89 g of 2-(R)-isopropoxy- 
carbonylamino-3-isopropylsulfanyI-3-methyl-butyric acid according to the procedure described 
for example 91b afforded 1.10 g (88%) of the title compound as a colorless oil. (+)-APCI-MS: 
389 (NfflT). 

10 

95c. l-r2-rR)-Isopropoxvcarbonvlamino-3-isopropvlsulfanvU3>methvl-butvrvl]-pvrrolidine-2- 
(SVcarboxvlic acid 

Saponification of 1.10 g of l-[2-(R)-isopropoxycarbonylamino-3-isopropylsulfanyI-3-methyl- 
butyryl-]-pyrrolidine-2-(S)-carboxylic acid methyl ester according to the procedure described in 
15 example 91c gave 0.59 g (79%) of the title compound as a white solid. M.p. 128-130°C; 
(-)-APCI-MS: 373 ([M-H]-). 

95d. ( 1 -fRV ( 2-f S H ( 1 - Amino-isoquinolin-6-vlmethvlVcarbamovn-pvrrolidin- 1 -carbonvl ) -2-iso- 
propvlsulfanvl-2-methyl-propylVcarbamic acid ethvl ester hydroacetate 
20 The procedure described for example 91 d was used to convert 0.13 g of l-[2-(R)- 
isopropoxycarbonylamino-3-isopropylsulfanyl-3-methyl-butyryl]-pyrrolidine-2-(S)-carboxylic 
acid into 0. 13 g of the title compound. (+)-APCI-MS: 530 (MFT). 

Example 96 

25 (3«(2>(SVUl-Amino-isoQiiinotin-6-vlmethvlVcarbamovH-pyrrolidin-l>vU-2-fRVethox 

carbonvlamino-Kl-dimethvl-3-oxo-nropvlsulfanvlVacetic acid tert.-butyl ester 
hydroacetate (96d) 



30 



96a. 3>tert.-Butoxvcarbonvlmethvlsulfanvl-2-fRVethoxvcarbonvlamino>3-methvl>butvric acid 
NaH (0.81 g; 35.2 mmol) was added in portions to 40 ml. ethanol while cooling. Subsequently 
D-penicillamine (2.50 g) was added. The mixture kept stirring for 5 minutes at 5°C, after which 
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bromoacetic acid tert.-butyl ester (2.55 mL) was added. The mixture was allowed to stir 16 h at 
ambient temperature and subsequently hydrolyzed with 2 N HC1. The solvents were distilled off, 
the residue was redissolved in 50 mL of water and 50 mL of dioxane and pH 9.5 was adjusted by 
adding aqueous NaOH. Ethyl chloroformate (2.1 mL) was slowly added at 5°C while maintaining 
5 pH 9.5 by addition of the appropriate amount of aqueous NaOH. Stirring was continued for 6 h 
at room temperature. Aqueous NaOH was added (pH 10) and the dioxane removed in vacuo 
followed by extraction of the remaining aqueous solution with ethyl acetate. KHSO4 was added 
and the acidified aqueous solution extracted with ethyl acetate several times. Evaporation of the 
solvent in vacuo gave a colorless oil, which was purified by HPLC (RP-18; pH 2.3; H 2 0/CH 3 OH 
10 3/7) to give 0.86 g (15%) of the title compound as a colorless oil. (+)-APCI-MS: 358 (MNa + ). 

96b. l-f3-tert.-Butoxvcarbonvlmethvlsulfanvl-2-(RVethoxvcarbonvlamino-3-methvUbutvrvn- 
pyrrolidine-2-(S)-carboxvlic acid methyl ester 

Reaction of 0.44 g of (L)-proline methyl ester hydrochloride and 0.86 g of 3-tert.- 
15 butoxycarbonylmethylsulfanyl-2-(R)-ethoxycarbonylamino-3-methyl-butyric acid according to 
the procedure described in example 91b yielded 0.60 g (52%) of the title compound as a 
colorless oil. (+)-APCI-MS: 474 (MH + ). 

96c. l-[3-tert.-ButoxvcarbonvlmethvlsulfanvU2>(R)-ethoxvcarbonvlaminO"3>methvUbutvrvn- 
20 pvn-olidine-2-(S)-carboxvlic acid 

Saponification of 0.60 g of l-[3-tert.-butoxycarbonylmethylsulfanyI-2-(R)-ethoxycarbonylamino- 
3-methyl-butyryl]-pyrrolidine-2-(S)-carboxylic acid methyl ester according to the procedure 
described in example 91c afforded 0.080 g(14%); of the title compound as a colorless oil; (+)- 
APCI-MS: 433 (MH + ). 

25 

96d. QziZzHShll 1 -Amino-isoquinolin-6-vlmethvlVcarbamovlVpvrrolidin- 1 -vU-2-fRVethoxv- 
carbonvlamino-l.Udimethvl-3-oxo-»propvlsulfanvlVacetic acid tert.-butvl ester hvdroacetate 
The procedure described for example 9 Id. was used to convert 0.080 g of l-[3-tert.- 
Butoxycarbonylmethylsulfanyl-2-(R)-ethoxycarbonylamino-3-methyl-butyryl]-pyrrolidine-2-(S)- 
30 carboxylic acid into 0.071 g (61%) of the title compound. (+)-APCI-MS: 588 (MPT). 
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Example 97 

l-(2-fRVAcetvlamino-3-biphenvl-4vl-propionvlVpvrrolidin-2-(S)-carboxvlic acid (1- 
amino-isoQuinolin-6-vlmethvn-amide (97f) 

5 97a. fDVN-Acetvl-4-bromo-phenvlalanine ethvl ester 

(D,L)-N-Acetyl-4-bromo-phenylalanine ethyl ester (14.1 g) was dissolved in a mixture of 200 
mL dimethyl sulfoxide, 150 mL of water and 40 mL of 1 M aqueous KC1 (pH 4). At 39°C a 
solution of subtilisine (0.13 g) in 10 mL of water was added and the reaction mixture was 
allowed to stirr for one hour while maintaining pH 7 by continous addition of the appropriate 
10 amount of 1 N NaOH. The mixture was poured into a mixture of 2000 mL of water and 23 mL 
of I N NaOH. Extraction with ethyl acetate followed by evaporation of the solvent in vacuo gave 
5.6 g (80%) of the title compound as a white solid. M.p. 106-1 10°C; (+)-APCI-MS: 315 (MPT). 

97b. (DVN-Acetyl-4-phenvl-phenylalanine ethvl ester 
15 A mixture of (D)-N-acetyl-4-bromo-phenylalanine ethyl ester (3.14 g), (1.80 g) phenyl boronic 
acid, sodium carbonate (2.12 g), Pd(OAc) 2 (0.1 1 g), tri-o-tolylphosphine (0.300 g) in 60 mL of 
dimethoxyethane and 10 mL of water was heated for 3 h at 90°C. Extraction with ethyl ester 
followed by removal of the solvent in vacuo gave 2.5 g (80%) of the title compound as a white 
solid. M.p. 161-1 64°C; (+)-APCI-MS: 312 (MH + ). 

20 

97c. (DVN-Acetvl-4-phenvl-phenvlalanine 

A mixture of (D)-N-acetyl-4-phenyl-phenylalanine ethyl ester (1.55 g) and 0.16 g of LiOH in 20 
mL of methanol and 5 mL of water was stirred for 2 h at ambient temperature. KHSO4 was 
added, the volatiles were pumped off followed by addition of water, extraction with ethyl acetate 
25 and removal of the solvent. Yield: 1.14 g (81%) of the title compound as a white solid. M.p. 
219-223°C; (-)-APCI-MS: 282 ([M-H]*). 

97d. l-r2-(RVAcetvlamino-3-biphenvl-4vl-propionvn-pvrrolidin-2-rSVcarboxvlic acid benzyl 
ester 
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Reaction of 0.41 g of (L)-proline benzyl ester and 0.57 g of (D)-N-acetyl-4-phenyl-phenylalanine 
according to the procedure described in example 91b yielded 0.54 g (57%) of the title compound 
as a white solid. (+)- APCI-MS: 471 (MH*). 

5 97e. l'(2-rRVAcetylamino-3-biphenyl-4yUpropionvn-pvrrolidin-2-(SVcarboxvlic acid 

l-(2-(R)-AcetyIamino-3-biphenyl-4yl-propionyl)-pyrroiidin-2-(S)-carboxyIic acid benzyl ester 
(0.50 g) were dissolved in 30 mL of methanol and hydrogenated for 4 h at room temperature 
using 0.3 g palladium on charcoal (10%) as catalyst. Filtration followed by concentration in 
vacuo affords 0.37 g (91%) of the title compound as a white solid. (+)-APCI-MS: 381 (MFT). 

10 

97f. l-(2-( , RVAcetvlamino-3-biphenvl-4vl-propionvlVpvrrolidin-2-(SVcarboxvlic acid (\ -amino- 
isoquinolin-6-vlmethyO-amide 

A mixture of l-(2-(R)-acetylamino-3-biphenyl-4yl-propionyl)-pyrrolidin-2-(S)-carboxyIic acid 
(0.120 g), 6-aminomethyl-isoquinolin-l-ylamine (0.058 g), N-methyl morpholine (0.1 1 mL) and 
15 0.100 g of 2-(l H-benzotriazole-l-yl)- 1,1,3 ,3-tetramethyluronium tetrafluoroborate (TBTU) in 
4.5 mL of dry N,N-dimethyl formamide was stirred for 3 h at ambient temperature. The mixture 
was concentrated and the remaining residue was purified by silica chromatography (dichloro- 
methane/methanol 8/2) to give 0.120 g (70%) of the title compound as a light yellow solid. (+)- 
APCI-MS: 536 (MH + ). 

20 

Example 98 

f2-(2-(S>-fn-Amino-isoquinolin-6-ylmethvn-carbamovll-pvrrolidin-l~vU-l-(RVf4' 
methoxvbenzvQ-2-oxo-ethvO-carbamic acid ethyl ester (98d) 

25 98a. (DVN-Ethoxvcarbonvl-4-methoxy-phenylalanine 

A mixture of (D)-4-methoxyphenylalanine hydrochloride (1.16 g) in 15 mL of 1 N NaOH and 10 
mL of dichloromethane was cooled in an ice bath, 0.48 mL of ethyl chloroformate were added 
dropwise and the resulting mixture was stirred for 2 h at room temperature. After adding 
aqueous NaOH (pH 10) the organic layer was discarded. KHSO4 was added (pH 3) and the 

30 aqueous solution was extracted with dichloromethane acetate. Evaporation of the solvent in 
vacuo gave 1 .00 g (76%) of the title compound as a colorless oil. (-)- APCI-MS: 266 ([M-H]"). 
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98b. l-f2-fR)-Ethoxycarbonvlamino-3-r4--methoxvphenvl)-propionvlVpvrrolidin-2-fSVcarbox- 
vlic acid benzyl ester 

Reaction of 0.63 g of (L)-proline benzyl ester hydrochloride and 0.70 g of (D)-N- 
ethoxycarbonyl-4-methoxy-phenylalanine according to the procedure described in example 91b 
5 yielded 0.98 g (81%) of the title compound as a colorless oil. (+)-APCI-MS: 455 (MH*). 

98c. l-f2-fR>Ethoxvcarbonvlamino-3-(4-m 
acid 

Hydrogenatipn of 0.82 g of l-(2-(R)-ethoxycarbonylamino-3-(4-methoxyphenyl)-propionyl)- 
10 pyrrolidin-2-(S)-carboxylic acid benzyl ester according to the procedure described in example 
97e afforded 0.61 g (93%) of the title compound as a white solid. (+)-APCI-MS: 365 (MH*). 

98d. ( 2- ( 2-( S)-[( 1 - Amino-isoquinolin-6-vlmethvn-carbamovl]-pvrrolidin- 1 -vl )- 1 -(R)-(4- 

methoxvbenzv1)-2-oxo-ethylVcarbamic acid ethyl ester 
15 Using the procedure described in example 97f 0.115 g of l-(2-(R)-ethoxycarbonylamino-3-(4- 
methoxyphenyl)-propionyl)-pyrrolidin-2-(S)-carboxylic acid was converted into 0.130 g (79%) 
of the title compound. (+)-APCI-MS: 520 (MH + ). 

Example 99 

20 (3-(2-(SVF( 1-Amino~isoquinolin-6-vlmethvlVcarbamovll-pyrrolidin-l-vl)-2-(R)-ethoxV" 
carbonvlamino>U~dimethvN3-oxo-nroDvlsulfanvn-acetic acid hydrotrifluoroacetate 

A mixture of (3- { 2-(S)-[( 1 -amino-isoquinolin-6-ylmethyl)-carbamoyl]-pyrrolidin- 1 -yl } -2-(R)- 
ethoxycarbonylamino- 1 , 1 -dimethy!-3-oxo-propylsulfanyl)-acetic acid tert. -butyl ester hydro- 
25 acetate (0.031 g; 0.048 mmol) and 1 mL trifluoro acetic acid in 1 mL of dichloromethane was 
stirred for 3 h at ambient temperature. The volatiles were pumped off followed by lyophilization 
to give 0.016 g (52%) of the title compound as a white solid. (+)-APCI-MS: 532 (MH*). 

Example 100 

30 (2-<2-(SHn-Amino-isoquinoHn-6-vlmethv^ 

2-oxo-ethvO-carbamic acid ethyl ester hvdroacetate (lOOd) 
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100a. OlVEthoxy-carbonvlamino-cvclohexyl-acetic acid 

Using to the procedure described in example 9 Id, 2.85 g of (D)-cyclohexylglycine gave 1.1 g 
(33%) of the title compound as a colorless oil. (-)-APCI-MS: 228 ([M-H]"). 

5 100b. 1 >[( r R)-Ethoxvcarbonvlamino-cvclohexvl-acetvl1-pvrrolidine-2-(S Vcarboxvlic acid benzyl 
ester 

Reaction of 1.1 g of (R)-ethoxycarbonylamino-cyclohexyl-acetic acid and 1.16 g of (L)-proline 
benzyl ester hydrochloride according to the procedure described in example 91b gave 1.50 g 
(75%) of the title compound as a colorless oil. (+)-APCI-MS: 417 (MH 4 ). 

10 

100c. l-[(RVEthoxvcarbonvlamino-cvclohexvl-acetvlVpvrrolidine>2-rSVcarboxvlic acid 
Hydrogenation of 1.5 g of l-[(R)-ethoxycarbonylamino-cyclohexyl-acetyl]-pyrrolidine-2-(S)- 
carboxylic acid benzyl ester according to the procedure described for example 97e afforded 1.13 
g (96%) of the title compound as a white solid. (+)-APCI-MS: 327 (MH*). 

15 

lOOd. f2-(2-(SV[ri-AjT)ino-isoquinolin-6'Vlmethv1VcarbamovlVpvrrolidin-l-vU-2-oxo-l-(RV 
cvclohexvUethvD-carbamic acid ethyl ester hvdroacetate 

Using the procedure described in example 9 Id 0.350 g of 1 -[(R)-ethoxycarbonylamino- 
cyclohexyl-acetyl]-pyrrolidine-2-(S)-carboxylic acid was converted into 0.430 g (83%) of the 
20 title compound. (+)-APCI-MS: 482 (MH + ). 

Example 101 

l-f2-(RVAcetvianiino-3-(4-inethoxvDhenvlVnropionvlVpvrrolidin-2-rSVcarboxvHc acid (1- 
amino-isoauinolin-6-vlrnethviynmide (101c) 

25 

101a. l-(2-('R)-Acetvlamino-3-(4-methoxvphenvlVpropionvlVpvrrolidin-2-(SVcarboxvlic acid 
benzyl ester 

Reaction of 0.48 g of (D)-N-acetyl-4-methoxy-phenylalanine (; 2.0 mmol) and 0.41 g of (L)- 
proline benzyl ester according to the procedure described in example 91b afforded 0.35 g (41%) 
30 of the title compound as a colorless oil. (+)-APCI-MS: 425 (MH + ). 
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101b. l-f2-(R)-AcetvlaminoO-f4>methoxyphenylVpropionvlVpvrrolidin-2-(SVcarboxvlic acid 
Hydrogenation 0.35 g of l-(2-(R)-acetyIamino-3-(4-methoxyphenyI)-propionyl)-pyrrolidin-2- 
(S)-carboxylic acid benzyl ester using to the procedure described for example 97e gave 0.27 g 
(100%) of the title compound as a colorless oil. (+)-APCI-MS: 335 (MFC). 

5 

101c. l-f2-fRVAcetvlamino-3-(4-methoxvphenvlVpropionvn-pvrrolidin-2>fSVcarboxvlic acid 
n-amino-isoquinolin-6-ylmethyO-amide 

Using the procedure described for example 97f 0.140 g of l-(2-(R)-acetylamino-3-(4- 
methoxyphenyl)-propiony!)-pyrrolidin-2-(S)-carboxylic acid was converted into 0.160 g (80%) 
10 of the title compound. (+)-APCI-MS: 490 (MH + ). 

Example 102 

f2-(2-(SVf( , l-Amino-isoquinolin-6~vImethvlVcarbamovll-pvrrolidin-l-vl>-l-fRW4- 
methoxvbenzvO-2-oxo-ethvIaminol-acetic acid ethyl ester hydrochloride ( 102h> 

15 

102a. n3)-4-Methoxv-phenylalanine benzyl ester hydrochloride 

(D)-4-Methoxy-phenylalanine hydrochloride (7.0 g), p-toluenesulphonic acid (6.9 g) and benzyl 
alcohol (15.0 mL) in 100 mL of toluene were refluxed for 4 h using a Dean-Stark trap, the 
toluene distilled off and the residue redissolved in ethyl acetate followed by extraction with 2 N 
20 NaOH. Then HC1 in diethyl ether was added and the precipitated material collected by filtration. 
Yield: 7.2 g (75%); white solid; m.p. 207-21 1°C; (+)-APCI-MS: 286 (MH + ). 

102b. N-Ethoxvcarbonvlmethvl-2-(RVamino-3-(4-methoxvphenvn-propionic acid benzyl ester 
(D)-4-Methoxy-phenylalanine benzylester hydrochloride (1.7 g) was dissolved in 7 mL of dry 
25 N.N-dimethyl formamide. Bromoacetic acid ethyl ester (1.7 mL) and triethylamine (2.6 mL) 
were added in succession and the reaction mixture was allowed to stir for 16 h at room 
temperature. The mixture was poured on ice and extracted with ethyl acetate. The solvent was 
removed in vacuo and the residue was purified by silica chromatography (isohexane/ethyl acetate 
1/1) to give 1 .75 g (78%) of the title compound as a light yellow oil. (+)-APCI-MS: 372 (MH*). 
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102c. N'Ethoxvcarbonvlmethvl-N-tert.-butoxvcarb6nyl-2-fRVanriino-3-(4-methoxvphenvlV 
propionic acid benzyl ester 

(N-EthoxycarbonyImethyl-2-(R)-amino-3-(4-methoxyphenyl)-propionic acid benzyl ester (1.7 g) 
was dissolved in 7 mL of water and a solution of BOC anhydride (1.22 g) in 7 mL of dioxane 
5 was added. The mixture was allowed to stir for 16 h while pH 9.5 was maintained by continious 
addition of the appropriate amounts of 0.1 N NaOH. The dioxane was distilled off followed by 
extraction with ethyl acetate, removal of the solvent in vacuo and purification of the remaining 
residue by silica chromatography (isohexane/ethyl acetate 1/1). Yield: 1.50 g (68%); colorless 
oil; (-)-APCI-MS: 470 ([M-H]-). 

10 

102d. N-EthoxvcarbonvlmethvUN-tert.-butoxvcarbonvl-2-(RVamino-3-f4-methoxvphenvlV 
propionic acid 

N-Ethoxycarbonylmethyl-N-tert.-butoxycarbonyl-2-(R)-amino-3-(4-methoxyphenyl)-propionic 
acid benzyl ester (1 .50 g) were dissolved in 40 mL of methanol and hydrogenated for 4 h at room 
15 temperature using 0.3 g palladium on charcoal (10%) as catalyst. Filtration followed by 
concentration in vacuo affords 1.05 g (87%) of the title compound as a colorless oil. (-)-APCI- 
MS: 381 ([M-H]"). 

102e. ( f 2- [ 2-( S VfBenzvloxv-carbonyl Vpyrrolidin- 1 -vU - 1 -(R)-( 4-methoxvbenzvl V2-oxo-ethvP- 

20 tert.-butoxvcarbonyl-aminol-acetic acid ethyl ester 

A mixture of (L)-proline benzyl ester hydrochloride (0.49 g), N-Ethoxycarbonylmethyl-N-tert - 
butoxycarbonyl-2-(R)-amino-3-(4-methoxyphenyl)-propionic acid (0.760 g), N-methyl 
morpholine (0.93 mL) and 0.65 g of 2-(lH-benzotriazole-l-yl)-l,I,3,3-tetramethyluronium tetra- 
fluoroborate (TBTU) in 10 mL of dry N,N-dimethyl formamide was stirred for 16 h at ambient 

25 temperature. The volatiles were pumped off and water was added followed by extraction with 
ethyl acetate and concentration of the organic layer. The remaining residue was purified by silica 
chromatography (isohexane/ethyl acetate 1/2). Yield: 0.99 g (86%); colorless oil; (+)-APCI-MS: 
569 (MHf). 

30 102f. ( f 2- ( 24 SV Carboxv-pyrrolidin- 1 -yl) - 1 -(RV( 4-methoxvbenzvl V 2-oxo-ethvl 1-tert 

butoxvcarbonvUamino} -acetic acid ethyl ester 
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0.78 g of {[2-{2-(S)-[Benzyloxy-carbony]]-pyrrolidin-l-yl}-l-(R)-(4-methoxybenzyl)-2-oxo- 
ethyl]-tert.-butoxycarbonyl-amino}-acetic acid ethy! ester were dissolved in 50 mL of methanol 
and hydrogenated for 3 h at room temperature using 0.4 g palladium on charcoal (10%) as 
catalyst. Filtration followed by concentration in vacuo affords 0.58 g (89%) of the title 
5 compound as a colorless oil. (-)-APCI-MS: 477 ([M-H]-). 

102g. ( f 2- i 2-( S V [( 1 -Ajnino4soquinolin-6-vlmethvl Vcarbamovl]-pvrrolidin- 1 -vB- 1 «rRVf4- 

methoxvbenzvlV2-oxO'ethvn'tert.-butoxycarbonvl-amino)-acetic acid ethvl ester 
A mixture of {[2-{2-(S)-Carboxy-pyrrolidin-l-yl}-l-(RH4-methoxybenzyl)-2-oxo-ethyl]-tert.- 
butoxycarbonyl-amino} -acetic acid ethyl ester (0.240 g), 6-aminomethyl-isoquinolin-l-ylamine 
(0.092 g), N-methyl morpholine (0.170 mL) and 0.160 g of 2-(lH-benzotriazole-l-yI)-l, 1,3,3 - 
tetramethyluronium tetrafluoroborate (TBTU) in 8 mL of dry N,N-dimethyl formamide was 
stirred for 3 h at ambient temperature. Removal of the solvent in vacuo followed by purification 
of the remaining residue by silica chromatography (dichloromethane / methanol 80/20) gave 
0.3 10 g (100%) of the title compound as a light yellow solid. (+)-APCI-MS: 634 (MH + ). 

102h. [2- i 2-( SY\( 1 - Amino-isoquinolin-6-vlmethvn-carbamoyll-pyrrolidin- 1 -yl ) - 1 -fRW4- 

methoxvbenzvlV2-oxo-ethylamino1-acetic acid ethvl ester hydrochloride 

20 0.150 g of {[2-{2-(S)-[(l-Amino-isoquinolin-6-ylmethyl)-carbamoyl]-pyrrolidin-l-yl}-l-(R)-(4- 
methoxybenzyl)-2-oxo-ethyl]-tert.-butoxycarbonyUamino}-acetic acid ethyl ester were treated 
with 5 mL of HCl in dioxane (5M solution) and the mixture was stirred for 3 h at ambient 
temperature. The solvent was distilled off and the remainig white solid was washed with diethyl 
ether and dried. Yield: 0.100 g (80%); (+)-APCI-MS: 534 (MH + ). 

25 

Example 103 

N-(7-amino-thienol2>3clpvridin-2-vlmethvn l-(nroDvloxvcarbonvlmethvlamino-2(RV- 

cvclohexvlmethyl-acetvD-Drolinamide hydrochloride 



30 103a. 7-azido-thienof2.3c1pvridine 
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To a stirred solution of 2 g of 7-chloro-thieno[2,3c]pyridine (US 3 663 559) in 25 mL of 
dimethylsulfoxide was added 15.6 g of sodium azide and the reaction mixture was heated at 
r35°C for 18 hours. After this period the reaction mixture was allowed to cool to room 
temperature and ethyl acetate and aqueous IN sodium hydroxide were added. The ethyl acetate 
5 layer was separated, washed with aqueous IN sodium hydroxide (twice) and brine, dried over 
magnesium sulphate and concentrated to give 1.65 g of 7-azido-thieno[2,3c]pyridine. 
MSESr : 177 (M+H) 

103b. 7-amino-thienof2.3c]pvridine 

10 To a stirred solution of 2.1 g of 7-azido-thieno[2,3c]pyridine in 250 mL of ethanol was added 1 
mL of hydrochloric acid (37%) and 13.4 g of tin(II) chloride dihydrate. The reaction mixture was 
heated at reflux temperature for two hours and then concentrated. To the residue was added 
ethyl acetate and a saturated aqueous sodium hydrogen carbonate solution. After stirring for 30 
minutes the mixture was filtered. The ethyl acetate layer of the filtrate was separated, washed 

15 with a saturated aqueous sodium hydrogen carbonate solution and brine, dried over magnesium 
sulphate and concentrated to give 1.65 g of 7-amino-thieno[2,3c]pyridine. 
TLC: Rf=0.5, dichloromethane/methanol=9/l v/v on silica. 

103c. N-[2"fazidomethvnthienof2.3c1pvridin-7-vl1 benzamide 
20 The procedures described in examples le, If, lg and 73a were used to convert 7-amino- 
thieno[2,3c]pyridine into N-[2-(azidomethyl)thieno[2,3c]pyridin-7-yl] benzamide. Yield: 40%. 
MS ESf : 310 (M+H) 

103d. 7-amino-2-(aminomethv0thieno[2.3c1pvridine 

25 To a stirred solution of 0.5 g of N-[2-(azidomethyl)thieno[2,3c]pyridin-7-yl] benzamide in 16 mL 
of ethyl acetate and 24 mL of ethanol was added 3 mL of hydrochloric acid (37%) and 3.6 g of 
tin(II) chloride dihydrate. The reaction mixture was heated at reflux temperature for 8 hours and 
an additional 1 mL of hydrochloric acid (37%) and 1 g of tin(II) chloride dihydrate were added. 
After heating for 17 hours an additional 1 g of tin(II) chloride dihydrate was added and the 

30 reaction mixture was heated at reflux temperature for another 6 hours. Then the reaction mixture 
was concentrated. To the residue were added ethyl acetate and water and after stirring for 10 



WO 98/47876 



137 



PCT/EP98/02455 



minutes the mixture was filtered. The filtrate was extracted twice with 2N hydrochloric acid . 
The combined hydrochloric acid extracts were made basic (pH 10) using aqueous sodium 
hydroxide and four times extracted with dichloromethane. The combine dichloromethane extracts 
were dried over magnesium sulphate and concentrated to give 0.2 g of the title compound. 
5 MSESI + : 180(M+H) 

103e. N-(7-amino-thienof2Jc1pvridin-2-vlmethvD l-(propyloxvcarbonvlmethvlamino-2(RV 
cvclohexvlmethvl-acetvO-prolinamide hydrochloride 

A TBTU coupling (procedure described in example 73) of 7-amino-2- 
10 (aminomethyl)thieno[2,3c]pyridine and N-Boc-N-(l-propyloxycarbonylmethyl)-D-Cha-Pro-OH 
and subsequently TFA deprotection gave the TFA salt of the title compound. This TFA salt was 
dissolved in dichloromethane, washed with aqueous sodium hydrogencarbonate, dried over 
magnesium sulphate and concentrated to give the free base. This free base was dissolved in t- 
butanol/water, hydrochloric acid was added and lyophilisation afforded the title compound. Yield 
15 :47%, MS ESI+ : 530 (M+H). 

Example 104: 

(2-(2-(S>-F(l-Amino-isoqtiinolin~6-vlmethv]>-carbamovll-pyrrolidin-l"VU-2-oxo-l-fR)- 
phenvl-ethyQ-carbamic acid methyl ester (104d) 

20 

104a. (RVMethoxy-carbonylamino-phenyl-acetic acid 

Starting with 4.0 g of (D)-phenylglycine gave 2.0 g (35%) of the title compound as a white solid 
using the procedures described in example 91a. M.p. 122-125°C; (-)-APCI-MS: 208 ([M-H]"). 

25 104b. l-[fRVMethoxvcarbonvlamino-phenyl-acetvl]-pvrrolidine-2-rSVcarboxvlic acid benzyl 
ester 

Reaction of 1.0 g of (R)-methoxycarbonylamino-phenyl-acetic acid and 1.16 g of (L)-proline 
benzyl ester hydrochloride according to the procedure described in example 91b gave 0.59 g 
(31%) of the title compound as a white solid and 0.28 g (15%) of l-[(S)-methoxycarbonylamino- 
30 phenyl-acetyl]-pyrrolidine-2-(S)-carboxylic acid benzyl ester (+)-APCI-MS: 397 (MH*). 
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104c. l-[(RVMethoxvcarbonvlarnino-phenvUacetvl)-pvrroIidine-2-(SVcarbo?cvlic acid 
1.5 g of l-[(R)-methoxycarbonyIamino-phenyl-acetyI]-pyrroIidine-2-(S)-'Carboxylic acid benzyl 
ester were dissolved in a mixture of 15 mL of methanol and 15 mL of tetrahydrofuran and 
hydrogenated for 3 h at room temperature using 0.4 g palladium on charcoal (10%) as catalyst. 
5 Filtration followed by concentration in vacuo affords 0.45 g (100%) of the title compound as a 
white solid. (+)-APCI-MS: 307 (MH + ) 

104d. (2-(2-(SV[f l-AminoHSoquinolin-6-ylmethylVcarbamovl1-pvrrolidin-l-vn-2-oxo-l>fRV 
phenyl-ethvO-carbamic acid methyl ester 
10 Using the procedure described for example 91 d 0.36g of I-[(R)-methoxycarbonylamino-phenyl- 
acetyl]-pyrrolidine-2-(S)-carboxylic acid was converted into 0.40 g (74%) of the title compound. 
(+)-APCI-MS: 462 (MH + ). 

Example 105 

15 (2-(2-fS)-[fl-AminO"isoqiiinolin-6-v1methvn-carbamovll-pvrrolidin-l-yl)-2-oxo-l-(SV 
phenvl-ethylV-carbamic acid methyl ester (105b) 

105a. l-f(SVMethoxvcarbonylamino«phenvl-acetvl1-pvrrolidine"2-(S)-carboxvlic acid 
0.28 g of l-[(S)-methoxycarbonylamino-phenyl-acetyl]-pyrrolidine-2-(S)-carboxylic acid benzyl 
20 ester were dissolved in a mixture of 15 mL of methanol and 15 mL of tetrahydrofuran and 
hydrogenated for 3 h at room temperature using 0.2 g palladium on charcoal (10%) as catalyst. 
Filtration followed by concentration in vacuo affords 0.21 g (100%) of the title compound as a 
white solid. (+)-APCI-MS: 307 (MPT). 

25 105b. (2- ( 2-(S Vff 1 - Amino-isoquinolin-6-vlmethvl Vcarbamovll-pvrrolidin- 1 -vl ) -2-oxo- 1 -fSV 
phenyl-ethylVcarbamic acid methyl ester 

Using the procedure described for example 91d 0.110 g of l-[(S)-methoxycarbonylamino- 
phenyl-acetyl]-pyrrolidine-2-(S)-carboxy!ic acid was converted into 0.58 g (36%) of the title 
compound. (+)-APCI-MS: 462 (MPT). 
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Example 106 

f2-(2-(Syyn-Amino-isoquinolin-6-vlmeth^^ 
2-oxo-ethvD-carbamic acid methyl ester (\06d) 

5 106a. nO-Methoxv-carbonvlamino-cvclohexvl-acetic acid 

A mixture of (D)-cyclohexylglycine (6.0 g) in 76.3 mL of 1 N NaOH and 80 mL of 
dichloromethane was cooled in an ice bath, 3.1 mL of methyl chloroformate were added 
dropwise and the resulting mixture was stirred for 16 h at room temperature. After adding 
aqueous NaOH (pH 10) the organic layer was discarded. KHSO4 was added (pH 3) and the 
10 aqueous solution was extracted with ethyl acetate. Evaporation of the solvent in vacuo gave 2.5 
g (30%) of the title compound as a colorless oil. (-)-APCI-MS: 214 ([M-H]"). 

106b. 1 -[rRVMethoxvcarbonvlamino-cvclohexyUacetvn-pvrrolidine^-fSVcarboxvlic acid benzyl 
ester 

15 Reaction of 1.24 g of (R)-methoxycarbonylamino-cyclohexyl-acetic acid and 1.40 g of (L)- 
proline benzyl ester hydrochloride using the procedure described for example 91b gave 1.17 g 
(50%) of the title compound as a colorless oil. (+)-APCI-MS: 403 (NfflT). 

106c. l-[(RVmethoxvcarbonvlamino-cyclohexyUacetyl]-pvrrolidine-2>(SVcarboxylic acid 
20 1.17 g l-[(R)-methoxycarbonylamino-cyclohexyi-acetyl]-pyrrolidine-2-(S)-carboxylic acid benzyl 
ester were dissolved in 90 mL of methanol and hydrogenated for 3 h at room temperature using 
0,8 g palladium on charcoal (10%) as catalyst. Filtration followed by concentration in vacuo 
affords 0.80 g (89%) of the title compound as a colorless oil. 
(-)-APCI-MS: 311 ([M-H]"). 

25 

106d. (2- [ 2-(S Vf ( 1 - Amino-isoquinolin-6-vlmethvl Vcarbamovl 1-pvrrolidin- 1 -vl } -2-oxo- 1 -(R)- 
cyclohexvl-ethyD-carbamic acid methyl ester 

A mixture of l-[(R)-methoxycarbonylamino-cyclohexyl-acetyl]-pyrroIidine-2-(S)-carboxylic acid 
(0.410 g), 6-aminomethyl-isoquinolin-l-yiamine (0.227 g), N-methyl morpholine (0.58 mL) and 
30 0.423 g of 2-(l H-benzotriazole-l-yl)- 1,1,3, 3-tetramethyIuronium tetrafluoroborate (TBTU) in 
10 mL of dry N,N-dimethyl formamide was stirred for 3 h at ambient temperature. The mixture 
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was concentrated and the remaining residue was purified by HPLC (RP-18; H2O/CH3OH 95/5 — > 
0/100) to give 0.350 g (58%) of the title compound as a white solid. (+)-APCI-MS: 468 (MIT). 

Example 107 

5 l-(2-(R)-Methanesulfonvlamino-3-phenvl-propionvn-pvrro]idin-2-(SVcarboxvlic acid (1- 
amino-isoquinolin-6«ylmethvn-amide (1070 

107a. (DVPhenvlalanine methyl ester hydrochloride 

(D)-Phenylalanine (25.0 g) was dissolved in 450 mL of methanol and 22 mL thionyl chloride 
10 were slowly added at -20°C. The mixture was refluxed for 1 h, followed by evaporation of the 
volatiles to give 3 1.2 g (97%) of the title compound as a white solid. M.p. 155-163°C. 

107b. 2-CRVMethanesulfonylaminO"3-phenvl-propionic acid methyl ester 

To a mixture of (D)-phenylalanine methyl ester hydrochloride (1.10 g) and 2.6 mL of ethyl 
15 diisopropylamine in 20 mL of dichloromethane was added a solution of methanesulfonic 
anhydride (0.87 g) in 20 mL of dichloromethane and the resulting mixture was stirred for 1 h. 
Extraction with 2 N HC1 followed by removal of the dichloromethane in vacuo gave 1.70 g of 
the title compound as a yellow oil. 

20 107c, 2-OlVMethanesulfonvlaminoO-phenvl-propionic acid 

A mixture of 2-(R)-methanesulfonylamino-3-phenyl-propionic acid methyl ester (0.90 g) and 
0.10 g of LiOH in 10 mL of methanol and 1 mL of water was stirred for 16 h at ambient 
temperature. KHSO4 was added, the volatiles were pumped off followed by addition of water, 
extraction with dichloromethane and removal of the solvent. Yield: 0.70 g (83%) of the title 

25 compound as a colorless oil. (-)-APCI-MS: 242 ([M-H]'). 

107d. l-r2-( r RVMethanesulfonvlamino-3-phenvl-propionvlVpyrrolidin-2-(SVcarboxvlic acid 
benzvl ester 

reaction of 0.65 g of 2-(R)-methanesulfonylamino-3-phenyl-propionic acid and 0.66 g of (L)- 
30 proline benzyl ester hydrochloride using the procedure described for example xib yielded 0.88 g 
(75%) of the title compound as a yellow oil. (+)-APCI-MS: 43 1 (MPT). 
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107e. l-f2^RVMethanesulfonvlaminO'3-phenvl-propionvlVpvrrolidin-2-fSVcarb oxvlic acid 
Hydrogenation of 0.87 g of l-(2-(R)-methanesulfonylamino-3-phenyl-propionyl)-pyrrolidin-2- 
(S)-carboxylic acid benzyl ester according to the procedure described in example 97e afforded 
0.60 g (88%) of the title compound as a iight yellow solid. (-)-APCI-MS: 339 ([M-H]-). 

5 

107f. l^fRVMethanesulfonvlamino^^DhenvUpropionvlVpvrrolidin^-rSVcarboxvlic acid (1- 
amino-isoquinolin-6-ylmethvO-amide 

Using the procedure described in example 97f 0.140 g of l-(2-(R)-methanesulfonyIamino-3- 
phenyl-propionyl)-pyrrolidin-2-(S)-carboxylic acid was converted into 0.180 g (90%) of the title 
10 compound. (+)-APCI-MS: 496 (MH + ). 

Example 108 

l-r2>(RVAcetvlaminO'3-nhenvl-propionvl)-pvrrondin-2>(SVcarboxvlic acid (j-amino- 
isoauinolin-6-vImethvO-amide (108c> 

15 

108a. Ur2>(RVAcetvlamino-3-phenvl-propionvn-pvrrolidin-2-(SVcarboxvlic acid benzyl ester 
Reaction of 0.42 g of (D)-N-acetyl-phenylalanine and of 0.49 g (L)-proline benzyl ester 
hydrochloride according to the procedure described for example 91b afforded 0.79 g (100%) of 
the title compound as a yellow oil. (+)-APCI-MS: 395 (MIT). 

20 

108b. l-(2-fRVAcetvlaminoO-phenvl-propionvlVpvrrolidin-2-(SVcarboxvlic acid 
Hydrogenation of 0.75 g of l-(2-(R>acetylamino-3-phenyl-propionyl)-pyrrolidin-2-(S)-carbox- 
ylic acid benzyl ester using the procedure described in example 97e afforded 0.56 g (96%) of the 
title compound as a yellow solid. (+)-APCI-MS: 305 (NOT). 

25 

108c. 1 -(2-(RV Acetvlamino-3-phenvl-propionvlVpvrrolidin-2>rSVcarboxvlic acid (1-amino- 

isoquinolin-6-vlmethvlVamide 

Using the procedure described for example 97f 0.125 g of l-(2-(R)-acetylamino-3-phenyl)- 
propionyl)-pyrrolidin-2-(S)-carboxylic acid was converted into 0.90 g (47%) of the title 
30 compound. (+)-APCI-MS: 460 (MPT). 
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Example 109 

l-r2-fRW3-Ethvl-ureidoV3-(4>methoxv-phenvlVpropionvn-nvrrolidin-2-(SVcarboxylic 
acid n-amino-isoquinoHn-6-vlmethvO-amide O09h) 

5 109a. N-tert.-ButoxvcarbonvI-2-niVamino-3-f4-methoxvphenvn-propionic acid benzyl ester ) 
(D)-4-Methoxy-phenylalanine benzylester hydrochloride (4.3 g) was dissolved in 20 mL of water 
and a solution of di-tert-butyl dicarbonate (3.5 g) in 20 mL of dioxane was added. The mixture 
was allowed to stir for 16 h while pH 9.5 was maintained by continious addition of the 
appropriate amounts of 0.5 N NaOH. The dioxane was distilled off followed by extraction with 

10 dichloromethane and removal of the solvent to give 5.2 g (100%) of the title compound as a 
colorless oil. 

109b. N-tert.-Butoxvcarbonvl-2'fRVamino-3-(4-methoxvphenvlVpropionic acid 
Hydrogenation of 5.4 g of N-tert.-butoxycarbonyl-2-(R)-amino-3-(4-methoxyphenyl)-propionic 
15 acid benzyl ester according to the procedure described in example 97e afforded 3.6 g (90%) of 
the title compound as a yellow oil. (-)-APCI-MS: 294 ([M-H]")- 

109c. l-[(T^-tert.-Butoxvcarbonvl-2-(^^ 
(SVcarboxvlic acid benzyl ester 
20 Reaction of 3.5 g of N-tert.-Butoxycarbonyl-2-(R)-amino-3-(4-methoxyphenyI)-propionic acid 
and 2.9 g of (L)-proline benzyl ester hydrochloride according to the procedure described for 
example 91b gave 3.0 g (52%) of the title compound as a yellow oil. (+)-APCI-MS: 505 
(MNa*). 

25 109d. l>[2-(RVAmino-3-(4-methoxvphenvlVpropionviypvrrolidin-2-f SVcarboxylic acid benzyl 
ester hydrochloride 

l-[(N-tert.-butoxycarbonyl)-2-(R)-amino-3-(4-methoxyphenyl)-propionyl]-pyrrolidin-2-(S)-car- 
boxylic acid benzyl ester (2.8 g) were treated with 50 mL of HC1 in dioxane (5M solution) and 
the mixture was stirred for 4 h at ambient temperature. The solvent was distilled off and the 
30 remainig white solid was washed with diethyl ether and dried. Yield: 2.3 g (96%); (+)-APCI-MS: 
383 (MH + ). 
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I09e. l'f2-rRVIsocvanato-3-( r 4-methoxvphenvlVpropionvn-pvrrolidin-2-(S)-carboxvlic acid 
benzyl ester 

l-[2-(R)-Ajiiino-3-(4-rnethoxyphenyl)-propionyl]-pyrrolidin-2-(S)-carboxylic acid benzyl ester 
hydrochloride (2.8 g) was dissolved in 30 mL of dichloromethane followed by addition of 30 mL 
5 of NaHC0 3 solution (1M) under vigorous stirring. Triphosgene (0.6 g) in 6 mL of 
dichloromethane was added at 0°C and the mixture was kept stirring for 0.25 h. The organic 
layer was separated and the solvent removeed in vacuo to yield 1.20 g (98%) of the title 
compound as a yellow oil. (+)-APCI-MS: 409 (MH 4 ). 

10 109f. l-[2-(R)-f3-Ethvl-ureidoV3-f4-methoxvphenvn-propionvlVpvrrolidin-2-fSVcarboxvlic 
acid benzyl ester 

1 -[2-(R)-Isocyanato-3 -(4-methoxyphenyl)-propionyl]-pyrrolidin-2-(S)-carboxylic acid benzyl 
ester (0.60 g) was dissolved under nitrogene in 20 mL of dichloromethane and ethyl amine was 
allowed to pass through at -20°C for 5 minutes. The mixture was kept stirring for 16 h. The 
15 volatiles were pumped off and the remaining residue was purified by silica chromatography 
(dichloromethane/methanol 80/20) to give 0.29 g (42%) of the title compound as a colorless oil. 
(+)-APCI-MS: 454(MrT). 

109g. l>[2-rR > )-f3'Ethvl-ureidoV3-( r 4-methoxyphenvlVpropionvl)-pvrrolidin-2-(SVcarboxvlic 
20 add 

Hydrogenation of 0.290 g of 1 -[2-(R)-(3-ethyl-ureido)-3-(4-methoxyphenyl)-propionyl]- 
pyrrolidin-2-(S)-carboxylic acid benzyl ester using the procedure described in example 97e 
afforded 0. 190 g (82%) of the title compound as a white solid. (-)-APCI-MS: 262 ([M-H]'). 

25 109h. l>r2>(TlVn-Ethvl-ureidoV3-f4-methoxv-phenvlVDropionvlVpvrrolidin-2-(SVcarboxylic 
acid ( 1 -amino-isoquinolin-6-vlmethvl V-amide 

Using the procedure described for example 97f 0.190 g of ]-[2-(R)-(3-ethyWureido)-3-(4- 
methoxyphenyl)-propionyl]-pyrrolidin-2-(S)-carboxylic acid was converted into 0.180 g (69%) 
of the title compound. (+)-APCI-MS: 519 (MPT). 
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Example 110 

N-n-amino-isoquinolin-6-ylmethvO 1-(2-acetvlamino-4-methvl-6-dimethvl-heptanov0- 
prolinamide (llOd) 

5 1 10a N-f 1 - Amino-isoquinolin-6-vlmethv1Vprolinamide 

5.00 g of l-Amino-6-aminomethyl-isoquinoline and 6.20 g Boc-L-proline were dissolved in 88 
mL DMF. 10.6 g of TBTU was added followed by a dropwise addition of N-methylmorpholine. 
Stirring was continued for 1 h at ambient temperature and the solvent was removed i.vac. The 
residue was extracted with 5% aqueous NaHC03 solution and with ethyl acetate. The organic 

10 layer was separated and dried (NaS04). The solvent was removed to give 10.7 g (quant.) of N- 
(l-Amino-isoquinolin-6-ylmethyl)-l-tert.butoxycarbonyl-prolinamide as an oil. 
Without purification, the compound was dissolved in 50 mL dichloromethane and 25.0 mL 
trifluoroacetic acid was added. Stirring was continued for 16 h and the solvent was removed 
i.vac. The residue was dissolved in methanol, the solvent was removed i. vac. And the residue 

15 was triturated with diethyl ether. The crystalline material was collected to give 12.9 g (89%) of 
N-(l-amino-isoquinolin-6-y!methyl)-prolinamide. M.p. 140- 142 °C. 

110b. N-f 1 - Amino-isoquinolin-6-vlmethvD- 1 -tert.butoxvcarbonyl-azetidin-2f S Vcarboxamide 
2.00 g l-Tert.butoxycarbonyl-a2etidin-2(S)-carboxylic acid, 1.70 g l-amino-6-aminomethyl- 
isoquinolin, 3.50 g TBTU were dissolved in 40 mL DMF. 3.55 mL N-methylmorpholin was 
added slowly with stirring. The solution was applied to a reversed-phase chromatography column 
(lenght 100 mm, diameter 14 mm; Merck Lichroprep RP-18, 15-25 p). Elution was started with 
25 mL of methanol / water containing 0.3% acetic acid (10 : 90), then a linear gradient to pure 
methanol over a period of 75 mL was applied followed by 50 mL of pure methanol. Fraktions of 
5 mL each were sampled. The solvent was evaporated to give 3.4 g of the tile compound. MS: 
357 

1 10c. N-f 1 - Amino-isoquinolin^-vlmethvlVazetidin^fSVcarboxamide 

10 mL Trifluoroacetic acid was added to a solution of 2.4 g of N-(l-amino-isoquinolin-6- 
30 ylmethyl)-l-tert.butoxycarbonyl-azetidin-2(S)-carboxamide in 5.0 mL dichloromethane. The 
solvent was removed i.vac to give 2. 1 g of the title comound as trifluoroacetate salt. MS: 371. 
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110c. N-f 1 -amino-isoquinolin-6-vlmethvn 1 -(2-acetvlamino-4-methvl-6-dimethv1-heptanov0- 
prolinamide 

125 mg of N-(l-amino-isoquinolin-6-ylmethyl)-prolinamide was dissolved in 2 mL DMF, 60 mg 
of 2-acetyIamino-4-methyl-6-dimethyl-heptanoic acid, 80 mg of TBTU and 75 mg of N- 
5 methylmorpholine were added. The solution was stirred for lh at ambient temperature. The 
solution was applied to a reversed-phase chromatography column (lenght 100 mm, diameter 14 
mm; Merck Lichroprep RP-18, 15-25 Elution was started with 25 mL of methanol / water 
containing 0.3% acetic acid (10 : 90), then a linear gradient to pure methanol over a period of 75 
mL was applied followed by 50 mL of pure methanol. Fraktions of 5 mL each were sampled. The 
10 compound was detected in fractions 10-12 by mass spektra. The solvent was removed i.vac. to 
give 105 mg (87%) of the title compound as amorphous solid. MS: 482. 

Example 111 

The following compounds were prepared analogously to Example 110: 

15 

111a. N-( 1 -amino-isoquinolin-6-vlmethv0 1 -(2-acetvlamino-2-(3 .4-ethvlenedioxv-phenvlV 

acetvD-prolinamide 

Yield 38%. MS: 504. 

20 111b. N-n-amino-isoquinolin-6-vlmethyD l-(2-acetvlamino-2-n-methoxv-phenvlVacetvO- 
prolinamide 
Yield 27%. MS: 476 

111c. N-f 1 -amino-isoquinolin-6-vlmethvO 1 -f2-acetvlamino-2-f2-methoxv-phenyn-acetv0- 
25 prolinamide 

Yield 78%. MS: 476 
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Hid. N-f 1 -amino-isoquinolin-6-vlmethvn 1 -f 2-acetvlamino-2-(4-fluoro-pheny0-acetv0- 

prolinamide 

Yield 54%. MS: 464 
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llle. N-( 1 -amino-isoquinolin-6-vlmethvO l-(2-acetvlamino-2-(thiophen~3-vlVacetvlV 

prolinamide 

Yield 86%. MS: 452 

5 lllf. N-( 1 -amino-isoquinolin-6-vlmethvO 1 -(2-acetvlamino-2-(naphthalene-2-vlVacetvO- 
prolinamide 
Yield 51%. MS: 496. 

lllg. N-n-amino-isoquinolin-6-vlmethvO l-(2-acetvlamino-2>r4-methoxvcarbonvl-phenvlV 
10 acetvO-prolinamide 
Yield 39%. MS: 504. 

lllh. N-n-amino-isoquinolin-6-vlmethvn l-(2-acetvlamino-2-f4-cvano-phenvlVacetvlV 
prolinamide 
15 Yield 21%. MS: 471. 

llli. N-fl-amino-isoquinolin-6-vlmethvn l>(2>acetvlarnino-2-(4->trifluoromethyl-phenvlVacetvlV 

prolinamide 

Yield 29%. MS: 514. 

20 

lllj. N-( 1 -amino-isoquinolin-6-ylmethvO 1 -(2-acetv1amino-2-(7-chloro-phenvO-acetvlV 

prolinamide 

Yield 78%. MS: 481. 

25 lllk. N-f 1 -amino-isoquinolin-6-vlmethyn 1 -r2-acetvlamino-2-n>chloro-phenvlVacetvn- 
prolinamide 
Yield 34%. MS: 481. 

1111. N-f 1 -amino-isoquinolin-6-vlmethvn 1 ~(2-acetvlamino-2-(4-chloro-phenvn-acetvlV 
30 prolinamide 

Yield 40%. MS: 481. 
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111m. N-( 1 -amino-isoQuinolin-6-vlmethvO I -(2-acetvl-methvl-amino-2-cvclohexvl-acetv0- 

prolinamide 

Yield 71%. MS: 466. 

5 1 1 1 n. N-( 1 -amino-isoquinolin-6-vlmethvn 1 -(2-acetvlamino-2-cvclohexvl-acetviy prolinamide 
Yield 64%. MS: 452. 

1 1 lo . N-( 1 -amino-isoquinolin-6-vlmethvn 1 -(2-acetoxv-2-(4-trifluormethvl-phenvlVacetvlV 
prolinamide 
10 Yield 57%. MS: 515. 

lllp. N-f 1 -amino-isoquinolin-6-vimethvn 1 -f2-( r 2-methoxvphenvlVsulfonvlamino-2rRVDhenvl- 

acetvn-prolinamide 

Yield 68%. MS: 574. 

15 

lllq. N-( 1 -aminoMsoquinolin-6-vlmethvn 1 -(24)enzvlcarbonvlamino-2(RV phenvl-acetvD- 

prolinamide 

Yield 54%. MS: 522. 

20 11 Ir. N-n-amino-isoquinolin-6-vlmethvO !^2-formvlamino-2fRVphenvl-acetvlVprolinamide 
Yield 95%. MS. 432. 

Ills. N-( 1 -amino-isoquinolin-6-vlmethvO 1 ~(2-benzvlsulfonvlamino»2rR)-phenvl-acetvlV 
prolinamide 
25 Yield 57%. MS: 558. 

Hit. N-r 1 -amino-isoquinolin-6-vlmethvn 1 -(2-methvlsu)fonvlamino~2rRVphenvl-acetvl V 

prolinamide 

Yield 67%. MS: 482. 
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lllu. N-f 1 -amino-isoquinolin-6-vlmethvn 1 -(2-ethvlsulfonvlamino-2rR)-phenvUacetvlV 

prolinamide 

Yield 59%. MS: 496. 

5 lllv. N-f 1 -amino-isoquinolin-6-vlmethvn 1 ■(2-acetvlamino-2-f4-bromo-phenvn-acetviV 
prolinamide 
Yield 63%. MS: 526. 

1 1 Iw. N-f 1 -amino-isoquinolin-6-vlrnethvO 1 -r9-hvdroxv-fluorenvN9>vlVcarbonvl-prolinamide 
10 Yield 24%. MS: 479. 

lllx. N-f l-amino-isoquinolin-6-vlmethvl) 1 -( r 2-acetoxv-2-(4-chlorophenvlVacetviVprolinamide 
Yield 62%. MS: 481. 

15 lily. N-f 1 -amino-isoquinolin-6-vlmethvO 1 -f 2-acetoxv-2-f 4-methoxvphenvlVacetvlV 
prolinamide 
Yield 63%. MS: 477. 

lllz. N-f 1 -amino-isoquinolin-6-ylmethvn 1 -(2-Dhenvlsulfonvlamino-2(RVphenvl-acetvl V 
20 prolinamide 

Yield 89%. MS: 544. 

1 1 laa. N-f 1 -amino-isoquinolin-6-vlmethyn 1 -f acetoxv-2fRVcvclohexvl-acetvl Vprolinamide 
Yield 79%. MS: 453. 

25 

lllab. N-f 1 -amino-isoquinolin-6-ylmethvO l-fmethoxvcarbonvlmethvlamino-2fRV 

cyclohexylmethvl-acetyO-prolinarnide 
Yield 16%. MS: 496. 



30 lilac. N-f 1 -amino-isoquinolin-6-vlmethvO l-fpropvloxvcarbonvlmethvlamino-2fRV 

cvclohexvlmethvt-acetvlVprolinamide Yield 30%. MS: 524. 
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Iliad, N-( 1 -amino-isoquinolin-6-ylmethvO l-(2-ethoxvcarbonvlmethvlamino-2flO- 

cyclohexvlmethvl-acetvlVprolinamide 
Yield 60%. MS: 510. 

5 lilac. \ (2-1 2( SV|Y 1 - Amino-isoquinolin-6-vlmethvl Vcarbamovl "[-pvrrolidin- 1 -vl 1- 1 (RV 

cyclohexvlmethvl"2"Oxo-ethvlVtert-butoxycarbonvlmethvl-aminol-acetic acid tert-butvl ester 
Yield 25%. MS: 652. 

lllaf. [(2- { 2( S V|Y 1 - Amino-isoquinolin-6-vlmethvlVcarbamovn-pvrrolidin- 1 -vl } - 1 (R)- 

10 cvclohexvlmethvl-2>oxo-ethvlVmethvl-amino]-acetic acid tert-butvl ester 
Yield 20%. MS: 552. 

11 lag. l-((RVPhenvl-propionvlarnino-acetvlVpvrrolidine-2rSVcarboxvlic acid (l-ammo- 
isoquinolin-6-vlmethyn-amide 
15 Yield 63%. MS: 460. 

lllah. 1 -( ( RV Acetvlamino-phenvl-acetvl Vpvrrolidine-2( S Vcarboxvtic acid ( 1 -amino- 

isoquinolin-6-vlmethvO-amide 

Yield 61%. MS: 446. 

20 

lllai. l-rfRVBenzovlamino-phenvl-acetvlVpvrrolidine-2(S Vcarboxvlic acid (l-amino- 

isoquinolin-6-vlmethyn-amide 

Yield 40%. MS: 508. 

25 lllaj. (2- { 2(S)-[f 1 - AjTiino-isoquinolin-6-vlmethvn-carbarnovll-pvrrolidin- 1 -vl ) -2-oxo- 1 ( RV 
phenvl-ethvlVcarbamic acid tert-butvl ester 
Yield 68%. MS: 504. 



lllak. l-n.3-Diphenvl-prooionvn-Dvrrolidine-2fSVcarboxvlic acid n-amino-isoquinolin-6- 
30 ylmethvlVamide 

Yield 69%. MS: 479. 
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Ulal. 1 - { 2( SV[( 1 - Amino-isoquinolin-6-vlmethvn-carbamovl Vpvrrolidine- 1 -carbonvl ) - 

octahydro-isoquinoline-2-carboxylic acid methyl ester 
Yield 74%. MS: 494. 

5 111am. Acetic acid 2-(2fSV[n-amino-isoquinolin-6-vlmethylVcarbamovll>pvrrolidin-l-vl)-2- 
oxo-lfRVphenyl-ethyl ester 
Yield 69%. MS: 447. 

1 1 lan. f 2- ( 2( S VIY 1 - Amino-isoquinolin-6-vlmethvl V carbamovll-pyrrolidin- 1 -vl) - 1 (RW4-fluoro- 
10 benzvlV2-oxo-ethvl]-carbarhic acid tert-butvl ester 
Yield 83%. MS: 536. 

lllao. [2- i 2( S VIY 1 ; Amino-isoquinolin-6-vlmethvl V carbamoyl] -pyrrol id in- 1 -vl } - 1 fRW4- 

methoxv-benzvlV2-oxo-ethvll-carbamic acid tert-butvl ester 
15 Yield 76%. MS: 548. 

lllap. ( 2- { 2( S)-[( 1 -Amino-isoquinolin-6-vlmethvn-carbamovn-pvrrolidin- 1 -vl) - 1 (RVbenzvl-2- 
oxo-ethyl)-carbamic acid tert-butyl ester 
Yield 81%. MS: 518. 

20 

lllaq. (2- ( 2( SV |Y 1 - Amino-isoquinolin-6-vlmethvl Vcarbamovn-pvrrolidin- 1 -vl ) - 1 (RVbenzvl-2- 
oxo-ethylVcarbamic acid benzyl ester 
Yield 82%. MS: 552 

25 lllar. Acetic acid 2A 2( SV|Y 1 -amino-isoquinolin-6-vlmethylVcarbamovll-azetidin- 1 -vll-2-oxo- 
1 fRVphenvl-ethvl ester 
Yield 23%. MS: 433. 



30 



lllas. \2- ( 2(SV IT 1 -amino-isoquinolin-6-vlmethvn-carbamovl]-pvnolidin- 1 -vl) - 1 fRW4- 

methoxv-benzvlV2-oxo-ethvlarnino]-acetic acid. 
Yield 91%. MS: 506. 
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lllat. l>n-Cvclohexvl-2(RVethanesulfonvlamino->propionvlVpvrrolidine-2(SVcarboxvlic acid 
( 1 -amino-isoquinolin-6-vlmethyl V amide 
Yield 50%. MS: 516. 

5 11 lav. (2- { 2( S VfY 1 - Amino-isoquinolin-6-vlmethvl Vcarbamovll-azetidin- 1 -vl ) -2-oxo- 1 (K)- 
phenvl-ethvO-carbamic acid ethyl ester 
Yield 43%. MS: 462 

Example 112 

10 N-n-amino-isoauinolin-6-vlmethvD l-(2-hvdroxvcarbonvlmethvlamino-2(RV 
cvclohexvlmethyI-acetvl)-prolinamide 

To a solution of 135 mg of N-(l-amino-isoquinolin-6-ylmethyl)-l-(propyloxycarbonylmethyl 
amino-2(R)-cyclohexylmethyl-acetyl)-prolinamide in 4.0 mL dimethoxyethane was added 2.0 mL 
15 of 2 M aqueous lithium hydroxide solution was added and stirring was continued for 3 h at 
ambient temperature. The solvent was removed i.vac, methanol was added and the compound 
was purified by reversed-phase column chromatography as described in example 110c. Yield: 
100mg(81%). MS: 482 

20 Example 113 

The following compounds were prepared using the procedure described in example 1 12: 

113a. N-( 1 -amino-isoquinolin-6-vlmethvO 1 -r2-hvdroxv-2rRVcvclohexvl-acetvlVprolinamide 
Yield (84%) MS: 411. 

25 

113b. 1 -( rRVHvdroxV"phenvUacetvlVpvrrolidine-2f S Vcarboxvlic acid (1 -amino-isoquinolin-6- 

ylmethvO-amide 

Yield 93%. MS: 404. 
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Example 114 

l~((RVAminO"Phenvl-acetvlVpyrrolidine-2(S)-carboxvlic acid n-amino-isoquinolin-6- 
vlmethvO-amide 

5 Trifluoroacetic acid (3.0 mL) was added to 150 mg of (2-{2(S)-[(l-amino-isoquinolin-6- 
yImethyl)-carbamoyI]-pyrrolidin- 1 -yl }-2-oxo- 1 (R)-phenyl-ethyl)-carbamic acid tert -butyl ester 
(prepared according to the procedures described in example 110) in 3.0 mL dichloromethane. 
Stirring was continued for 2h at ambient temperature. The solvent was removed i.vac, the 
residue was dissolved in methanol and applied to a reversed-phase chromatography column 
10 (lenght 100 mm, diameter 14 mm; Merck Lichroprep RP-I8, 15-25 u). Elution was started with 
25 mL of methanol / water containing 0.3% acetic acid (10 : 90), then a linear gradient to pure 
methanol over a period of 75 mL was applied followed by 50 mL of pure methanol. Fractions of 
5 mL each were sampled. The solvent was removed to give 75 mg (62%) of the title compound. 
MS: 404. 

15 

Example 115 

The following compounds were prepared using the procedure described in example 1 14: 

115a. l-[2(RVAmino-3-(4-fluoro-phenvn-propionvl1-pvrrolidine-2(S)-carboxvlic acid H-amino- 
20 isoquinolin-6-ylmethvO-amide 
Yield 99%. MS: 436. 

115b. l-r2(R)-Amino-3-(4-methoxv-phenvlVpropionvl1-pyrrolidine-2(SVcarboxvlic acid H- 
amino-isoquinoiin-6-vlmethv0-amide 
25 Yield 90%. MS: 446. 

115c. l-f2fRVAmino-3-phenvl-propionvn-pvrrolidine-2(SVcarboxvlic acid Cl-amino- 

isoquinolin-6-ylmethvlVamide 

Yield 94%. MS: 418. 
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115d. \2- ( 2(SH( 1 - Amino-isoauinolin>6-vlmethvlVcarbamovll-pvrrolidin- 1 -vl) - 1 fRW4-chloro- 
benzvD-2-oxo-ethylamino*[-acetic acid 
Yield 84%. MS: 510 

5 115e. (2- ( 2-\( 1 - Amino-isoquinolin-6-ylmethvlVcarbamovll-pvrrolidin- 1 -yl > -2-oxo- 1 -phenyl- 
ethvlaminoVacetic acid 
Yield 95%. MS: 462. 

115f. (2- 1 2-IY 1 - Amino-isoquinolin-6-vlmethvn-carbamovl ypvrrolidin- 1 -vl ) - 1 -cvclohex vl-2-oxo- 
10 ethvlaminoVacetic acid 
Yield 80%. MS: 468. 

115g. (2- 1 2(S)-\( 1 - Amino-isoquinolin-6-vlmethvl V carbamovll-azetidin- 1 -vl )- 1 (RVcvclohexvl-2- 
oxo-ethvlaminoVacetic acid 
15 Yield 49%. MS: 454. 

115h. l-r2-Amino-3(RVf4-chloro-phenvlVpropionvn-pvrrolidine-2( r SVcarboxvlic ac id (1 -amino- 

isoquinolin-6-vlmethvO-amide 

Yield 36%. MS: 452. 

20 

115L [2- ( 2(S V[( 1 - Amino-isoquinolin-6-vlmethvlVcarbamovll-pvrrolidin- 1 -vl ) - 1 (R W4-fluoro- 
benzvlV2-oxo-ethvlaminol-acetic acid 
Yield 25%. MS: 494. 

25 Example 116 

(l-(2(SMn-Amino-isoquinolin-6-vlmethvn^^ 
oxo-ethvO-carbamic acid benzyl ester 



30 



12.5g (10 mmol) of the aminomethyl-polystyrene resine (Bachem) in 100 mL dry THF was 
shaken for 1 h, 4.6 g of 4-aminosulfonyl-butyric acid, 4.5 mL of diisopropylcarbodiimid and 3.8 
g of hydroxybenzotriazole were added and shaken at ambient temperature for 1 6 h. The resin 
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was filtered, washed with THF, DMF, methanol and ether, and dried at 50 °C to give 13.7 g of 
dry resin. 

This resin was shaken in 100 mL THF for 1 h at ambient temperature. To a solution of 3.2 g of 
N-Boc-proline in 30 mL dry THF was added 2.5 g of carbonyldiimidazoie and starred for 30 
5 min, then refluxed for 30 min, and cooled to ambient temperature. This solution was added to the 
slurry of the resin in THF, followed after 10 min by 2.7 mL of DBU. Shaking was continued for 
16 h at ambient temperature, the resin was filtered, washed with acetic acid, DMF, methanol and 
ether, and dried i.vac. at 50 °C for 3h to give 13 .3 g of dry resin. 

The resin was shaken in 1 50 mL dichloromethane for 1 h at ambient temperature. It was filtered, 
10 50 mL of trifluoroacetic acid and 2.5 mL water was added, shaken for 45 min at ambient 
temperature, filtered, washed with dry dichloromethane and methanol, and dried i.vac. at 50 °C 
for 16 h. 

150 mg of this dried resin was shaken with 2.4 mL of a 1 N solution of N-methyl-morpholine in 
DMF for 20 min, filtered, shaken with 2.4 mL DMF, and filtered. 0.4 mL of a 1 M solution of Z- 

15 (R)-phenylalanine in DMF was added, followed by 1.0 mL of a solution of a 0.4 M solution of 
TBTU in DMF and by 1.0 mL of a 1 M solution of NMM in DMF. The resin was shaken for 3.5 
h at 40 °C, filtered and washed three times with 2.4 mL each of DMF. Again, 0.4 mL of a 1 M 
solution of Z-(R)-phenylalanine in DMF was added, followed by 1.0 mL of a solution of a 0.3 M 
solution of TBTU in DMF and by 1 .0 mL of a 1 M solution of NMM in DMF. The resin was 

20 shaken for 3.5 h at 40 °C, filtered and washed three times with 2.4 mL each of DMF, three times 
with 2.4 mL each of dichloromethane, once with 3.0 mL methanol, and twice with 2.4 mL each 
of DMF. 

1.4 mL Of a 0.25 M solution of DIPEA in DMF followed by 1.6 mL of a 1M solution of 
iodoacetonitrile in DMF was added, and the resin was shaken at 40 °C for 4.5 h. The resin was 

25 filtered, washed three times with 2.4 mL each of DMF. Then, 1.4 mL of a 0.25 M solution of 
DIPEA in DMF followed by 1.6 mL of a 1M solution of iodoacetonitrile in DMF was added, and 
the resin was shaken at 40 °C for 4.5 h, filtered, washed three times with 2.4 mL each of DMF, 
three times with 2.4 mL each of dichloromethane, once with 3.0 mL methanol, and five times 
with 2.4 mL each of dichloromethane. 

30 2.0 mL of a 0.05 M solution of 6-(aminomethyl)-isoquinoline-l-ylamine in dichloromethane 
followed by 1.0 mL dichloromethane was added to the resin and shaken for 4 h at ambient 
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temperature. The solvent was collected by filtration and the resin was washed with 2.0 mL 
dichioromethane and 2.0 mL methanol. The organic phases were combined. The presence of the 
desired compound was detected by mass spectrum, and its purity was determined by TLC. The 
solvent was removed i.vac. to give (2-{2(S)-[(l-amino-isoquinolin-6-ylmethyl)-carbamoyl]- 
5 pyrrolidin-l-yl}-l(R)-benzyl-2-oxo-ethyl)-carbamic acid benzyl ester 
MS: 552 



Example 117 

The following compounds were prepared using the procedure described in example 1 16: 

117a. 1-f l( , SVff4-Amino-thieno[3.2>c1pvndin-2-vlmethvlVcarbamovlV2-naphthalen-l-vl- 

ethvlcarbamovn-octahvdro-isoquinoline-2-carboxvlic acid methyl ester 
MS: 600 



15 117b. l-{2fSVrH-Arnino-thienor3.2>c]pvridin-2-vlmethvlVcarbamovll-pvrrolidine-l-carbonvl)" 
octahydro-isoquinoline-2-carboxvlic acid methyl ester 
MS: 500 

117c. (2-( 2( SV|Y 1 -Amino-isoquinolin-6-ylmethvlVcarbamovll-pvrrolidin- 1 -vl }- 1 (RV 

20 cyclohexvlmethyl-2-oxo-ethvlVcarbamic acid benzyl ester 
MS: 558 

117d. (2- \ 2( S )-\( 4- Amino-thienor3 .2-c]pvridin-2-vlrnethvl Vcarbamovll-pvrrolidin- 1 -vl ) - 1 (RV 
benzvl-2-oxo-ethylVcarbamic acid benzyl ester 
25 MS: 558 

117e. (2- l2(SYf( 1 -Amino-isoquinolin-6>vlmethvlVcarbamovl1-azetidin- l^yJU fRVbenzvl-2-oxo- 
ethylVcarbamic acid benzyl ester 
MS: 538 
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117f. (2- 1 2( S Vf ( 1 - Amino-isoquinolin-6-vlmethvl Vcarbamovll-piperidin- 1 -vl) - 1 fRVbenzvl-2- 
oxo-ethvlVcarbamic acid benzyl ester 
MS: 560 

5 117g. (2- i 2(S V |Y 1 - Amino-isoquinolin-7-vlrnethvl Vcarbamovl Vpvrrolidin- 1 -vl 1 - 1 fRVbenzvl-2- 
oxo-ethvlVcarbam ic acid benzvl ester 
MS: 552 

117h. (2-{2fSyfn-Amino-isoquinolin-7-vlmeth^^ 
10 cvclohexvlmethvl-2-oxo-ethvlVcarbamic acid benzvl ester 
MS: 558 

117L (2-f2(SWn-AjTiino-isoquino1in-6-vlmetM 
cydohexvlmethvl-2-oxo-ethvO-carbamic acid benzvl ester 
15 MS: 544 

117j. (2- ( 2(SH( 1 - Amino-isoauinolin-7-vlmethvl V carbamovll-azetidin- 1 -vll - 1 (RV 

cvclohexv)methvl-2-oxo-ethv0-carbamic acid benzvl ester 
MS: 544 

20 

117k. \2- i 2(SV ff 1 - Amino-isoquinolin-6-vlmethvn-carbamovn-piperidin- 1 -vU - 1 (R V(4-methoxv- 
benzvlV2-oxo-ethvl]-carbamic acid tert-butvl ester 
MS: 562 

25 1171, \-[2(S)-\( l-Amino-isoquinolin>6>vlmethvn-carbarnovlVazetidine-l~carbonvn-octahvdro- 
isoquinoline-2-carboxylic acid methyl ester 
MS: 480 

H7m. l-{2fSVfn-Amino-isoquinolin-7-vlmethvlVcarbamovll-pvn > olidine-l~carbonvn-- 
30 octahvdro-isoquinoline-2-carboxvlic acid methyl ester 



MS: 494 
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117n. 1 - ( 2( S )-[( 1 > Amino-isoquinolin-6-vlmethvl Vcarbamovl]-piperidtne- 1 -carbonvl } -octahvdro- 
isoquinoline-2-carboxvlic acid methyl ester 
MS: 508 

5 117o. (2- ( 2( SVf ( 1 - Amino-isoquinolin-6-vlmethvlVcarbamovll-piperidin~ 1 -vll-2-oxo- 1 fRV 
phenvi-ethvlVcarbamic acid tert-butvl ester 
MS: 518 

117p. l-( LCSHf 1 -Amino-isoquinolin-6-ylmethvlVcarbamovl]-2-naphthalen- 1 -vl- 
10 ethvlcarbamovl)-octahvdro-isoquinoline-2-carboxvlic acid methyl ester 
MS: 594 

117q. URV(Benzovlamino-phenvl-acetvn-azetidine-2fSVcarboxvlic acid f 1-amino-isoquinolin- 

6- ylmethvO-amide 
15 MS: 494 

117r. 1 (RV(Benzovlamino-phenvUacetyn-pvrrolidine-2f S Vcarboxvlic acid ( 1 -amino-isoquinolin- 

7- vlmethvO-amide 
MS: 508 

20 

117s. N-(4-Amino-thieno[3.2'Clpvridin"2>vlmethvlV2fSV(3.3-diphenvl-propionylaminoV3- 
naphthalen-1 -yl-propionamide 
MS: 585 

25 1 1 7t. 1 (R H Acetvlamino-phenvl-acetvn>pvrrolidine-2(S Vcarboxvlic acid ( 1 -amino-isoquinolin-7- 
vlmethvO-amide 
MS: 446 



30 



117v. N-n-Amino-isoquinolin-6-vlmethvlV3-naphthalen-l-vl-2fSVf2~phenoxv-acetylaminoV 

propionamide 

MS: 505 
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117w. 1 rRVrPhenyl-propionvlamino-acetvD-pvrrolidine^fS Vcarboxvlic acid ( 1 -amino- 

isoquinolin-7-vlmethvlVamide 

MS: 460 

5 117x. 14rRV(2.2>DimethvUpropionvlaminoVphenvl~acetvl1--pvrrolidine>2(S)-carboxvlic acid O- 
amino-isoauinolin-6-vlmethvlVamide 
MS: 488 

117y. l-[(R)-(2.2-Dimethvl-propionvlaminoVphenvl>acetvl1-pvrrolidine-2rS)-carb oxvlic acid (\- 
10 amino-isoquinolin-7-vlmethvO-amide 
MS: 488 

117z. n-n(SVr(4-Amino-thieno[3.2-c]pv^ 

ethvlcarbamovll-»2(RVnaDhthalen-l-vUethvlVcarbamic acid tert-butvl ester 
15 MS: 674 

117aa. ( 1 - ( 1 ( S V IY 1 - Amino-isoquinolin-6-vlmethvlV carbamoyl ]-2-naphthalen- 1 -vl- 
ethvlcarbamovl}-2( r RVnaphthalen-l'Vl-ethvlVcarbamic acid tert-butvl ester 
MS: 668 

20 

117ab. n(RV(2fSVK 1 - Amino - is °q uinolin - 6 - vlmethvl ^ c ^^ 
dihydro-lH-isoquinolin-2-vlVacetic acid tert-butyl ester 

MS: 544 

25 117ac. Acetic acid 2- ( 2( SV[( 4-amino-fiirof 3 .2>c1pvridin-2"V]methvlVcarbamovn>azetidin- 1-vU- 
2-oxo-l(SVDhenvl-ethvl ester 
MS: 423 

117ad. Acetic acid 2>l 2f SV[f 4-amino-fliror3.2-c1pvridin-2-vlmethvlVcarbamovll--Dvrrolidin-l - 
30 yl ) -2-OXO- 1 ( S Vphen vl-ethvl ester 
MS: 437 
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117ae. Acetic acid 2-(2fSV[f4-amino-ftiro[3.2>c1pvridin-2-vlmethvlVcarbamovl1-piperidin--l- 
vl ) -2-oxo- 1 ( S Vphen vl-ethvl ester 
MS: 451 

5 1 17af. l-Phenoxvacetvl-pvrrolidine-2fSVcarboxvlic acid n-amino-isoquinoHn-6-vlmethviyamide 
MS: 405 

117ag. Acetic acid 2-l2( S Vff 1 -amino-isoquinolin-6-vlrneth vl Warbarnovl]-pvrrolidin- 1 -vl I -2- 
oxo-1(SVphenvl-ethvl ester 
10 MS: 447 

117ah. Acetic acid 2- < 2( SV |Y 1 -amino-isoquinolin-6-vlmeth vl Vcarbamovn-piperidin- 1 -vl ) -2- 
oxo-HSVphenvl-ethvl ester 
MS: 461 

15 

117ai. l>n.3-Diphenvl-propionvlVazetidine'2(SVcarboxv1ic acid H -amino-i soquinolin-6- 

vlmethvlVarnide 

MS: 465 

20 117aj. 1 (RWMethoxv-phenvl-acetvl Vpvrrolidine-2(S Vcarboxvlic acid ( 1 -amino-iso quinolin-6- 
ylmethvlVamide 
MS: 419 

117ak. 1 -(( S VMethoxv-phenvl-acetvl V pyrrolidine^ S Vcarboxvlic acid ( 1 -amino-isoquinolin-6- 
25 vlmethvD-amide 
MS: 419 



117al. 1 -(nO-Methoxv-Dhenvl-acetvlVpvrro1idine-2( S Vcarboxvlic acid (4-amino-thienor3.2- 

c lpvridin-2-vlrnethvO-amide 
30 MS: 425 
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117am. l-((SVMethoxv-phenvl-acetvn-pvrrolidine-2(SVcarboxvlic acid (4-amino-thienor3.2- 

c] pvridin-2-vlmethvlVamide 

MS: 425 

5 1 17an. Acetic acid 9- { 2( S )-\( 1 -amino-isoquinolin-6-vlmethvl Vcarbamovl>pvrrolidine- 1 - 
carbonvl}-9H-fluoren-9-vl ester 
MS: 521 

117ao. Acetic acid 9- ( 2(S Vf ( 1 -amino-isoquinolin-6-vlmethvl Vcarbamovl Vazetidine- 1 - 
10 carbonvl}-9H-fluoren-9-vl ester 
MS: 507 

117ap. l-n.3-DiphenyUpropionvn-pvrrolidine-2( r SVcarboxvlic acid n-amino-isoquinolin-7- 
vlmethvO-amide 
15 MS: 479 

117aq. Nn.3-DiphenvNpropionvlVpvrrolidine-2fSVcarboxvlic acid (4-amino-thienor3.2- 

c ]pyridin-2-vlmethvlVamide 

MS: 485 

20 

117ar. l-[(9H-Fluoren-9>vlVacetvll-pvrrolidine-2(SVcarboxvlic acid n-amino-isoquinolin-6- 

vlmethvlVamide 

MS: 477 

25 117as. [2- { 2( S V|Y 1 - ArninO'isoquinolin~6-vlmethvn-carbamov11-pvrrolidin> 1 -vH- 1 (RV(4-chloro- 
benzvlV2-oxo-ethvl1-carbamic acid tert-butvl ester 
MS: 553 



30 



Example 118 

The procedure described in example 1 16 was repeated. After the products had been isolated, the 
Boc-protecting groups were removed by treating the residues with 1 mL of 50 % trifluoroacetic 
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acid in dichloromethane and stirring for 20 min at ambient temperature. The solvent was 
removed in vacuo and the presence of the desired compound was detected by mass spectrum, 
and its purity was determined by TLC. 

118a. l-^RVAminoO-naphthalen^l-vl-propionvlVpvrrolidine^rSVcarboxvlic acid r4-amino- 

furo[3.2-c]pvridin-2-vlmethvlVamide 

MS: 458 

118b. l-(2(RVAmino>3-naphthalen-l-vl-propionvn-azetidine-2(SVcarboxvlic a cid f4-amino- 

njro[3.2-c1pvridin-2-vimethvlVamide 

MS: 444 

118c. l-(2(RVAminoO'naphthalen>l>vl-propionvlVazetidine-2rSVcarbox vlic acid (1-amino- 

isoquinolin-6-vlmethvn-amide 
MS: 454 

118d. (2-(2fSyr(4-Amino-farof3.2-c1pyri 
cvclohexvl-2-oxo-ethvlaminoVacetic acid 
MS: 458 

118e. (2-{2(SV[(4>Amino-fljror3.2-c1pvridin~2>vlmethvlVcarbamovlVazetidin-l-vll-l^ 
cyclohexyl-2-oxo-ethylaminoVacetic acid 
MS: 444 

H8f. 1 -(2( SVBenzvlamino-propionvlVpvrrolidine-2rSVcarboxvlic acid Q -amino-isoqu inolin-6- 
ylmethvlVamide 

118g. (2-{2(SVff4-AjTiino-furop.2-c1pw^ 
1 ( RV phenvl-ethvlaminoV acetic acid 
MS: 452 
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118h. (2-(2(SH(4-Amino-farof3.2-c1pyridm^ 
lfRVphenvl-ethvlaminoVacetic acid 
MS: 438 

5 118i. I«r2rRVBenzylam}no-propionvlVpvrrolidine-2rSVcarboxvlic acid n-amino-isoq uinolin-6- 
vlmethvlVamide . MS: 432 

118j. r2-(2fSVrn-Amino-isoquinolin-6-vlm^ 
ethvlaminoVacetic acid 
10 MS: 448 

118k. (7-(2(SH( 4 -^ in °-fa ror3 - 2 " c1 P^ 
benzvl-2-oxo-ethvlaminoVacetic acid 

MS: 466 

15 

1181. (2-1 2(S VIY 4-AiTiino-fliror3.2-c1pvridin-2-vlmethvlVcarbamovl]-azetidin - 1 -vl } - 1 (R V benzyl - 
2-oxo-ethvlaminoVacetic acid 
MS: 452 

20 1 18m. (2- 1 2(S)-\( 1 - Amino-isoquinolin-6-vlmethvl Vcarbamovll-pyrrolidin- 1 - vll - 1 f RVbenzvl-2- 
oxo-ethvlaminoVacetic acid 
MS: 476 

118n. (2- i 2( S V(Y 1 - Amino-isoquinolin-6-vlmethvl Vcarbamovll-azetidin- 1 -vll- 1 (RVbenzvl-2- 
25 oxo-ethvlaniinoVacetic acid 

118o. (2 z j2£SHCl^Ami^^ 
oxo-ethvlaminoVacetic acid OBM 14.1688 
MS: 476 
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H8p. [2- f 2(S H ( \ - Amino-isoquinolin-6-vlmethvl Vcarbamovll -azetidin- 1-v ll-l ( RW 4-fluoro- 
benzvlV2-oxo-ethvlamino1-acetic acid 
MS: 480 

H8q. r2-(2rSVr(4-Amino-thienQr3.2-c1pvridin-2-v1methvlVcarbamoviyazetidin- 
cvdohexvl-2-oxo-ethvlaminoVacetic acid 
MS: 460 

H8r. [2- ( 2rS Vr(4- Amino-thienor3 .2-c1pyridin-2-vlmethvn-carbamov11-a2e tidin- 1 -vl> - 1 (RV(4- 
fluoro-benzvlV2-oxo-ethvlaminol-acetic acid 
MS: 486 

118s. f2-(2(SW(4-Amino-thienof3.2-^ 
fluoro-benzvlV2-oxo-ethvlamino]-acetic acid 
MS: 500 

118t (2- ( 2(SV 1Y 1 - Amino-isoquinolin-6-vlmethvlVcarbamovn-pvrrolidin - 1 -vl )- 1 fRVnaphthalen- 
1 -vlmethvl-2-oxo-ethvlamino Vacetic acid 
MS: 526 

1 18u. (2- [ 2(S VIY4- Amino-thienof 3 .2-clpvridin-2-vlmethvl Vcarbamovll -a zetidin- 1 -vt ) - 1 (R)- 
cyclohexvl-2-oxo-ethvlaminoVacetic acid tert-butvl ester 

1 18v, (2- i 2(S Vr(4- Amino>thienor3 .2-c1pyridin-2-vlmethvl VcarbamovlVpyrr olidin- 1 -vl ) -2-oxo- 
irRVphenvt-ethvlaminoVacetic acid tert-butvl ester 
MS: 524 

1 18w. f2- 1 2( S Vt( 4- Amino-thienor3 .2-clpvridin-2-vlme thvlVcarbamovl1-azetidin- 1 -vU-2-oxo- 
IfllVphenvUethvlaminoVacetic acid tert-butvl ester 
MS: 510 
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118x. (2-{2(SH(4-Amino-thieno[3.2-c1pv^ 
cvclohexvl-2-oxo-ethvlaminoVacetic acid tert-butvl ester 
MS: 530 

118y. (2-1 2(S 1 - Amino-isoquinolin-6-vlmethvl ^carbamoyl 1-pvrrolidin- 1 -vl) - 1 ( RVnaphthalen- 
2-ylmethvl-2-oxo-ethvlaminoVacetic acid 
MS: 526 

118z. (2- i 2(SU( 1 - Amino-isoquinolin-7-vlmethvlVcarbamovn-pyrrolidin- 1 -yl } - 1 (R)-cyclohexyl- 
2-oxo-ethvlaminoVacetic acid 
MS: 468 

118aa. [2-(2(SVrn-Aniino-isoquinolin-6-ylmeM^ 
benzvlV2-oxo-ethvlamirio1-acetic acid 
MS: 497 

118ab. [2- ( 2( SVIY 1 - Ajnino-isoquinolin-7-vlmethvlVcarbamovl]-pvrrolidin- 1 -vll - 1 rRW4-chloro- 
benzvlV2-oxo-ethvlaminoVacetic acid 
MS: 511 

118ac. [2- ( 2( S Vr ( 1 - Amino-isoquinolin-6-vlmethv)Vcarbamovl Vazetidin- 1 -vM - 1 (RV(4-methoxv- 
benzylV2-oxo-ethylamino'|-acetic acid 
MS: 492 

118ad. \ 2-( 2(SVf ( 1 > Amino-isoquinolin-7-vlmethvl Vcarbamovl1-pvrrolidin> 1 -yl ) - 1 f RW4- 
methoxv-benzylV2-oxo-ethvlamino')-acetic acid 
MS: 506 

118ae. l-Phenvlaminoacetvl-azetidine>2(SVcarboxvlicacid (4-amino-fiiror 3.2-c1pvridin-2- 

ylmethvlVamide 

MS: 380 
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118af. 1 -Phenvlaminoacetvl-azetidine-2(S Vcarboxvlic acid ( 1 -amino-isoquinolin-6-vlmethvlV 
amide 

118ag. 1 -Phenvlaminoacetvl-pvrrolidine'2CS Vcarboxvlic acid ( 1 -amino-isoquinolin-6-vlrnethvlV 
5 amide 
MS: 404 

118ah. 1 -Phenv1am'moacetvl-piperidine-2(S Vcarboxvlic acid ( 1 -amino-isoquinolin-6-ylrnethvl V 
amide 
10 MS: 418 

118ai. l-Phenethvlaminoacetyl-azetidine-2(S Vcarboxvlic acid (4-amino-furo[3.2-c]pyridin-2- 

ylmethylVamide 

MS: 408 

15 

118aj. l-Phenethv1aminoacetvl-azetidine-2(S Vcarboxvlic acid (l-amino-isoquinolin-6-vlmethvlV 

amide 

MS: 418 

20 11 8ak. 1 -PhenethvlaminoacetvVpvrrolidine-2fS Vcarboxvlic acid ( 1 -amino-isoquinolin-6- 
ylmethylVamide 
MS: 432 

118al. 1 -Phenethvlaminoacetvl-piperidine-2(S Vcarboxvlic acid ( 1 -amino-isoquinolin-6-vlmethvl V 
25 amide 
MS: 446 

118am. 1 -BenzvlaminoacetvVazetidine-2f SVcarboxvlic acid ( 1 -amino-isoquinolin-6-vlrnethvl V 
amide 
30 MS: 404 
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118an. 1 -Benzvlaminoacetvl-pvrrolidine-2(SVcarboxvlic acid n-amino-isoquinolin-6-vlmethvO- 

amide 

MS: 418 

5 118ao. 1 -Benzvlaminoacetvl-piperidine-2(S Vcarboxylic acid ( 1 -amino-isoquinolin-6-vlmethvlV 
amide 
MS: 432 

U8ap. l-Cvclopentvlaminoacetvl-pvrrolidine-2(SVcarboxvlic acid ( l-amino-isoquinolin-6- 
10 vlmethvlVamide 
MS: 396 

U8aq. N-n"Amino-isoquinolin-6-vlmethylV2(S)-r2-cvclohexvlamino-acetvlarninoV3- 
naphthalen-l-vl-propionamide 
15 MS: 510 

H8ar. N-(4-AjTnno-thienof3.2-c1pvridin-2-vlm^ 
naphthalen- 1 -vl-propionamide 
MS: 516 

20 

118as. 2( SVAmino-N- ( 1 -1Y 1 -amino-isoquinolin-6'Vlmethvl Vcarbamovll-2-naphthalen- 1 -vl- 

ethyl)-4-phenyl-butvramide 

MS: 532 

25 1 18at. 2fRVAmino-N-(l(SVf(4-amino-thieno[3.2«c1pwidin-2-vlmethvlVcarbamovn^^^ 
naphthalen- 1 -vl-ethvl \ -4-phenvl-butvramide 
MS: 538 
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Examnle 119: 

The general procedure described in example 116 was repeated. After cleavage of the product 
from the resin, the organic phases were combined. Half of the solution was used to isolate the N- 
5 Boc-protected compounds, the other half was used to deprotect the compounds. The presence of 
the desired compounds was detected by mass spectrum, and their purities were determined by 
TLC. The solvents were removed in vacuo to give the following pairs of compounds: 

119al. 3(FO- ( 2(S)-\( 1 - Amino-isoquinolin-6-vlmethvlVcarbamovll-azetidine- 1 -carbonyl 1-3.4- 
10 dihvdro-lH-isoquinoline-2-carboxvlic acid tert-butyl ester 
MS: 516 
and 

119a2. l-n.2J.4-Tetrahvdro-isoquinoline-3(RVcarbonvn-azetidine-2rSVcarboxvlic acid (1- 
amino-isoquinolin-6-vlmethvO-amide 
15 MS: 416 

119bl. 3(RV(2(SVr(l-Ajrtino-isoquinolin-6-vlmethvlVcarbamovl]-pvrrolidine-l-carbonyn-3.4- 
dihvdro-lH-isoquinoline-2-carboxylic acid tert-butyl ester 
MS: 530 
20 and 

119b2. 1 -( 1 .2.3.4-Tetrahvdro-isoquinoline-3( r RVcarbonvlVpvrrolidine-2f SVcarboxvlic acid (\- 

amino-isoquinolin-6-vlmethvlVamide 

MS: 430 

25 119cl. [2- ( 2( S V1Y 1 - Ajnino-isoquinolin-6-vlmethvn-carbamovll-pvrrolidin- 1 -vl }- 1 f RV ( 1 H-indol- 
3-ylmethvlV2-oxo-ethyl]-carbamic acid tert-butyl ester 
MS: 557 
and 

119c2. 1 -f 2f RV Amino-3 -( 1 H-indol-3 -vn-propionvl1-pvrrolidine-2r S Vcarboxvlic acid Q -amino- 
30 isoquinolin-6-vlmethvlVamide 
MS: 457 
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119dl. r2-{2fSVrf4-Amino-thienor3.2-clpvri^ 
(lH-indol-3-vlmethvn-2-oxo-ethvt1-carbamic acid tert-butvl ester 
MS: 563 
and 

5 119d2. 1 420lVAmino-3-riH-indol-3-ylVpropionvl1-pvrTolidine-2rSVcarboxvlic acid (4-amino- 
thienop.2-c1pvridin-2-vlmethvlVarnide 
MS: 463 

119el. [2-(2(S)-K4~Amino-thieno[3.2-c1pvridin-2-vlmethvlVcarbamovl>pvrrolid 
10 n'forrnvI-lH-indol-3-vlmethvlV2-oxo-ethvl1-carbamic acid tert -butyl ester 
MS: 591 
and 

119e2. 1 -[2(R)-Amino-3-( 1 -formyl- 1 H-indol-3-vl Vpropionvll-pvrrolidine~2f S Vcarboxvlic acid 
r4-amino-thieno[3.2>c1pvridin-2-vlmethvlVamide 

15 

119fl. (2-f2(SMf4-Ajnino-thieno[3.2-c]pvridin-2-^ 
lHlVphenvl-ethylVcarbarnic acid tert-butvl ester 
MS: 510 
and 

20 119f2. l-((RVAmino-phenvl-acetvlVpvrrolidine-2(SVcarboxvlic acid (4-amino-thienof3.2- 
c lpvridin-2-vlmethylVamide 
MS: 410 

ll9gl. \2- ( 2( S Vrf4- Amino-thieno[3 .2-c1pvridin-2-vlmethvl Vcarbamovll-pyrrolidin- 1 -vl ) - 1 f RV 
25 (4-methoxv-benzvlV2-oxo-ethyl1-carbamic acid tert-butvl ester 
MS: 554 
and 

1 19g2. 1 ~|'2fR)-Amino-3-( > 4-methoxv-phenvlVpropionv1Vpvrrolidine-2fSVcarboxvlic acid (4- 
amino-thienof3.2-c1pvridin->2>vlmethvlVamide 
30 MS: 454 
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119hl. [2-(2(SH(4-Amino-faro[3.2-c]pvri^^ 
methoxy-benzvl)-2-oxo-ethvl]-carbamic acid tert-butvl ester 
MS: 538 
and 

5 119h2. l-r2(RVAjiiinoO-(4-methoxv-p^ acid (4- 

amino-furor3.2-c1pvridin>2-vlmethvlVamide 
MS: 438 

119H. [2-(2(SVfM-Amino~thieno[3.2-c1pvridin-2-ylmethylVcarbamovl1-pvrrolidin> 
10 (4-fluoro-benzvn-2-oxo-ethviycarbamic acid tert-butvl ester 
MS: 542 
and 

119i2. l'[2( r RVAmino-3-(4-fluoro-phenvlVprQpionyll-pvrrolidine-2(SVcarboxylic acid f4-amino- 
thieno[3.2-c]pvridin-2-vlmethvl)-amide 
15 MS: 442 

I19jl. f2-(2(SVr(4-AjTiino-thienor3.2-c]pvri 
(4-chloro-benzyQ-2-oxo-ethyl]-carbamic acid tert-butvl ester 
MS: 559 
20 and 

119j2. 1 -[2fRV Amino-3-(4-chIoro-phenvl Vpropionyl]-pyrrolidine-2f S Vcarboxvlic acid (4- 

amino-thieno[3.2-c]pyridin-2-ylmethvlVamide 

MS: 459 

25 119kl> n>(2(SV[f UAmino-isoquinolin-6>vlmethylVcarbamov1]-pvrrolidin-I-vl}-UR)- 
naphthalen-l-ylmethyl-2-oxo-ethyO-carbamic acid tert-butvl ester 
MS: 568 
and 

1 19k2. 1 -( 2( RV Amino-3 -naphthalen- 1 -vl-2-oxo-propvl Vpvrrolidine-2(S Vcarboxvlic acid ( 1 - 
30 amino-isoquinolin-6-vlmethvD-arnide 
MS: 482 
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11911. n(R)-(2(S)4n-AminoHSoquinolin>6-vlmethvlVcarbairiovll-pviTo1idine-l -carbonvU-3- 
phenvl-propvB-carbamic acid tert-butvl ester 
MS: 532 
and 

5 11912. l-(2mVAniino~ 4>phenvl-butvrvlVpvrrolidine-2(SVcarboxvlic acid n-amino-isoquinolin- 
6-vlmethvO-amide 
MS: 432 

H9ml. (2- f 2(S Vr ( 1 - Amino-isoQuinolin-7-vlmethvlVcarbamovlVpvrrolidin- 1-vH-l (RVbenzvl-2- 
oxo-ethvO-carbamic acid tert-butvl ester 
MS: 518 
and 

119m2. 1 -f2fRVAmino-3-phen vl-propionvlVpvrrolidine-2fS)-carboxvlic acid H -amino- 
isoquinolin-7-vlmethvn-amide 
MS: 418 

H9nl. r2-(2(SVff 1 >Amino-isoQuinolin-6-vlmethvn-carbamovn-azetidin- 1 -vU- 1 (RW4-methoxv- 
benzvlV2-oxo-ethvi1-carbamic acid tert-butvl ester 
MS: 534 
20 and 

H9n2. l-f2(R)-Amino-3-f4-methoxv-phenvn-propionvl]-azetidine-2fSVcarboxvlic acid (\- 

amino-isoquinolin-6-vlmethvO-amide 

MS: 434 

25 119ol. \2- \ 2(S VIY 1 - Amino-isoQuinolin-7-vlmethvlVcarbamovll-azetidin- 1 -vl ) - 1 (RW4-methoxv- 
benzvlV2-oxo-ethvP-carbamic acid tert-butvl ester 
MS: 534 
and 

1 19o2. 1 -f2(RVAmino-3 -( 4-methoxv-phenvn-propionvl1-azetidine-2( SVcarboxvlic acid ( 1 - 
30 amino-isoquinolin-7-vlmethyO-amide 
MS: 434 



10 
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119pl. f 2-( 2( S VIY 1 - Amino-isoquinolin-7-vlmethvl Vcarbamovll-pvrrolidin- 1 -yl } - 1 (RV(4- 
methoxv-benzvlV2-oxo-ethviycarbamic acid tert-butvl ester 
MS: 548 
and 

5 1 19p2. l-r2(RVAjTiino-3~f4-methoxv-phenvlVpropionvl1-pyrrolidine-2fSVcarboxvHc acid (l- 
amino-isoquinolin-7-ylmethylVamide 
MS: 448 

119ql. (2- f 2(S)-\( 1 -Amino-isoquinolin-6-vlrnethvl Vcarbamovll-azetidin- 1 -vl I -2-oxo- 1 fRV 
10 phenyl-ethylVcarbamic acid tert-butvl ester 
MS: 490 
and 

119q2. 1 -( (R)- AjTiino-phenvl-acetvlVazetidine-2( S Vcarboxvlic acid ( 1 -amino-isoquinolin-6- 
vlmethvlVamide 
15 MS: 390 

119rl. (2-(2( S VIY 1 - Amino-isoquinolin-7-vlmethvn-carbamoyl Vpvrrolidin- 1 -vl ) -2-oxo- 1 fRV 
phenyl-ethvlVcarbamic acid tert-butyl ester 
MS: 504 
20 and 

119r2. l-(YRVAmino-phenvl-acetvlVpvrrolidine-2fS Vcarboxvlic acid n-amino-isoquinolin-7- 

ylmethvlVamide 

MS: 404 

25 119sl. f2-(2( , SVr(4-Amino-thienor3.2-c]pvndin-2-vlmethvlVcarbamovl1-pvrrolidin-l-vU 
ethylVphenvl-carbamic acid tert-butvl ester 
MS: 510 
and 

1 19s2. l-Phenvlaminoacetvl-pvrrolidine-2(S Vcarboxvlic acid (4-amino-thienof3.2-c]pvridin-2- 
30 ylmethvlVamide 
MS: 410 
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U9tl. (2-(2(^n(4-Amino-thieno[3.2-c1pyridin-2^ 
ethvD-benzvl-carbamic acid tert-butvl ester 
MS: 524 
and 

5 119t2. l>Benzv]aminoacetyl-pyrrolidine-2(S)-carboxvlic acid (4-amino-thieno[3.2-c]pvridin-2- 
vtmethvlVamide 
MS: 424 

119ul. (2-{2fSV[f4-Amino-thieno[3.2-c]pyridin-2-vlm 
10 ethvlVphenethvl-carbarnic acid tert-butyl ester 
MS: 538 
and 

119u2. l-Phenethylaminoacetvl-pvrrolidine-2fS)-carboxvlic acid (4-amino-thienof3.2-clpvridin- 
2-vlmethvO-amide 
15 MS: 438 

Example 120 

The following compounds were prepared using the procedures described in example 73. 

20 120a. N-( 1 -amino-isoquinolin-6-ylmethvO 1 -(Y2-(hvdroxvcarbonylmethylamino)-2- 
(cvclooctvlmethvlVacetvlVprolinamide hydrochloride 

Using 306 mg of l-((2-((butyloxycarbonyI)(butyloxycarbonylmethyl)amino)-2- 
(cyclooctylmethyl)-acetyl)-proline ( prepared according to WO 97/31939 example 7) and 104 mg 
of l-amino-6-(aminomethyl)isoquinoline gave 62 mg of the title compound. MS ESI+ : 510 
25 (M+H). 

120b. N-f 1 -amino-isoquinolin-6-ylmethvO 1 -(2(RV(hvdroxvcarbonv1methylamino)- 1 -oxo-hexvD- 
prolinamide trifluoroacetate 

The use of 420 mg of l-((2-((butyloxycarbonyl)(but.yloxycarbonylmethyl)amino)-(2(R)- 
30 (hydroxycarbonylmethylamino)-l-oxo-hexyl)-proline ( prepared according to WO 97/31939 
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example 48) and 165 mg of l-amino-6-(aminomethyl)isoquinoline gave 330 mg of the title 
compound. MS ESI+ : 442 (M+H). 



120c. N-f 1 -amino-isoquinolin-6-vlmethylM-cis-ethyl- 1 -(( 2-0ivdroxycarbonvlmethvlaminoV 
5 2(RW cvclohexvlmethyl VacetyO-prolinamide trifluoroacetate 

Strarting with 345 mg of l-((2-((butyloxycarbony!)(butyloxycarbonyImethyl)amino)-2- 
(cydohexylmethyl)-acetyl)-4-cis-ethyl-proline ( prepared according to WO 97/31939 example 
52) and 122 mg of l-amino-6-(aminomethyl)isoquinoiine gave 412 mg of the title compound. 
MSESI+ : 510(M+H). 

10 

120d. N-f 1 -amino-isoquinolin-6-vlmethvO 1 -cvclopentvl- 1 -( 2-( ^-propvl^oxvcarbonyl- 
methvlaminoV2(RVcvclohexvlmethvl-acetynglvcinamide hydrochloride 

The use of 397 mg of l-cyclopentyl-l-(2-((2-propyl)oxycarbonylmethylamino)-2(R)- 
cyclohexylmethyl-acetyl)g!ycine and 138 mg of l-amino-6-(aminomethyl)isoquinoline gave 301 
15 mg of the title product. 
MS ESI+ : 552(M+H). 

Example 121. 

N-n-flmino-isoquinoHn-6-vlmethvn l-(2-((2-proDvnoxvcarbonvlmethvlamino)-2( r RV 
20 cvclohexvlmethvl-acetvD-Drolinarnide 

To a stirred solution of 96 mg of N-(l-amino-isoquinolin-6-ylmethyl) l-(2- 
hydroxycarbonylmethylamino-2(R)-cyclohexylmethyl-acetyl)-prolinamide in 6mL of 2-propanol 
was added 0.03 mL of thionyl chloride and the reaction mixture was heated at refux temperature 
25 for two days. After this period the reaction mixture was concentrated, ethyl acetate added, 
washed with aqueous 5% sodium hydrogencarbonate and brine, dried over sodium sulphate and 
concentrated. The residue was dissolved in a t-butanol/ water 1/1 (v/v) mixture lyophilisation 
yielded 56 mg of the title compound. MS ESI+ : 524 (M+H). 



30 



Example 122 

The following compounds were prepared using the procedures described in example 121. 
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122a. N-n-amino-isoquinolin-6-vlmethvO 1 -(2-(( 1'butvnoxvcarbonvlmethvlaminoV2(RV 

cvclohexvlmethvl-acetvlVprolinarnide 

Yield: 47%, MS ESI+ : 538 (M+H). 

5 122b. N-n-amino-isoquinolin-6-vlmethvn l-f2-((2-methoxvethv0oxvcarbonvlmethvlarninoV 
2rRVcvclohexvlmethvl-acetvlVprolinamide 
Yield: 70%, MS ESI+ : 540 (M+H). 

122c. N-n-amino-isoquinolin-6-ylmethvO l-(2-(benzvloxvcarbonvlmethvlaminoV2fRV 
10 cvclohexvlmethvl-acetvlVprolinamide 
Yield: 32%, MS ESI+ : 572 (M+H). 

122d. N-f 1 -amino-isoquinolin-6-vlmethvn 1 -(2(RWpropvloxvcarbonvlmethvlaminoV 1 -oxo- 
hexylVprolinamide hydrochloride 
15 Hydrochloric acid was added to the t-butanol/water solution of the free base and lyophilistation 
afforded the title compound: Yield: 73%, MS ESI+ : 484(M+H). 

122e. N-f 1 -amino-isoquinolin-6-vlmethvlV4-cis-ethvl- 1 -f(2-( propvloxvcarbonvlmethvlaminoV 
2(RV(cvclohexvlmethvlVacetvlVprolinamide 
20 Yield: 51%, MS ESI+ : 552 (M+H). 

122f. N-f 1 -amino-isoquinolin-6-vlmethviy 1 -((2-( propvloxvcarbonvlmethvlarriinoV2fRyf f4- 
methvoxvpheny^methylyacetvlVprolinarnide 
Yield: 90%, MS ESI+ : 548 (M+H). 

25 

Example 123 

N-n-amino-isoquinolin-6-vlmethvn l-(2-((morpholin«4'vncarbonvlmethvlamino>-2(RV 
cvclohexvlmethvl-acetviyprolinamide trifluoroacetate 



30 123a. N-Boc-N-ffmorpholin-4-vncarbonvlmethvlVD-Cha-OH 
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Using the procedures described in example 73 2.0 g of H-D-Cha-OMe . HC1 and 2.07 g of 4- 
(bromoacetyl)morpholine (J. Med. Chem. 35, 1685 (1992)) gave 1.77 g of the title compound. 
Rf = 0.22 in ethyl acetate / heptanes = 6/4 (v/v) on silica. 

5 1 23b. N>Boc-N^(morpholin-4-vncarbonvlmethvn-D-Cha-Pro-QH 

To a stirred solution of 0.86 g of N-Boc-N-((morpholin-4-yl)carbonylmethyl)-D-Cha-OH in 8 
mL of N,N-dimethylformamide at 0 °C were successively added 0.45 g of I -hydroxy 
benzotriazole (HOBT) and 0.51 g of dicyclohexyl carbodiimide (DCC). After 30 minutes a 
mixture of 0.58 g of proline benzylester hydrochloride and 0. 13 mL of triethyl amine in 8 mL of 

10 N,N-dimethylformamide was added. The reaction mixture was allowed to come to room 
temperature and an additional 0.05 mL of triethylamine was added. After 16 hours 0.36 g of 
DCC and 0.20 mL of triethylamine were added and stirred for 3 days at room teperature. . The 
mixture was cooled to -20 °C and dicyclohexylurea was removed by filtration. The filtrate was 
evaporated to dryness. The residue was dissolved in ethyl acetate and washed successively with 5 

15 % sodium hydrogencarbonate, water, 2 % citric acid and brine, dried over sodium sulphate and 
concentrated in vacuo. The residue was chromatographed on silica gel eluting with 
dichloromethane/methanol : 3/1 v/v as eluent to yield 1.02 g of N-Boc-N-((morpholin-4- 
yl)carbonylmethyl)-D-Cha-Pro-OBzl. This benzyl ester was dissolved in 10 mL of methanol, 125 
mg of 10% palladium on charcoal was added and the mixture was hydrogenated at atmospheric 

20 pressure at room temperature for 2 hours. The palladium catalyst was removed by filtration and 
the solvent removed by evaporation at reduced pressure to yield 0.86 g of the title compound. 
MS ESr : 494 (M-H)". 

123c. N-( 1 -amino-isoquinolin-6-vlmethvn 1 -( 2-( ( morDholin-4-vl)carbonvlmethylamino)-2fRV 

25 cvclohexvlmethvl-acetvlVprolinamide trifluoroacetate 

This compound was prepared using the procedures described in example 73. A TBTU-coupling 
of 150 mg of N-Boc-N-((morpholin-4-yl)carbonylmethyl)-D-Cha-Pro-OH and 58 mg l-amino-6- 
(aminomethyl)isoquinoline and deprotection using trifluoroacetic acid yielded 186 mg of the title 
compound. 

30 MSESr : 551 (M+H). 
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Example 124 

The following compounds were prepared using the procedures described in example lk. 

124a. N-f l-amino-isoquinolin-6-vlmethyn l-(2-frdimethvlamino)carbonvlmethvlaminoV2fRV 
5 cvclohexvlmethvl-acetvO-prolinamide hydrochloride 

DCC/HOBt coupling of 193 mg of N-(l-amino-isoquinolin-6-ylmethyl) l-(2- 
hydroxycarbonyImethylamino-2(R)-cyclohexylmethyl-acetyl)-prolinamide and 65 mg of 
dimethylamine hydrochloride yielded 40 mg of the title compound. MS ESI* : 509 (M+H). 

10 124b. N-f 1 -amino-isoquinolin-6-ylmethyO 1 -(2-( azetidin- 1 -vlcarbonylmethylaminoV2(RV 
cyclohexvlmethvl-acetvlVprolinamide hydrochloride 

DCC/HOBt coupling of 193 mg of N-(l-amino-isoquinolin-6-ylmethyl) l-(2- 
hydroxycarbonylmethylamino-2(R)-cyclohexylmethyl-acetyl)-prolinamide and 42 mg of azetidine 
hydrochloride yielded 40 mg of the title compound. MS ESI + : 521 (M+H). 

15 

Example 125 

(4-(4»((l-aminoisoaiiinolin-7-vnmethvlnminocarbonvnbenzovl)-rjiperazin-l"Vnacetate 

Bromoacetate was coupled to the resin via an ester linkage. Piperazine was introduced followed 
20 by a peptide coupling with terephthalic acid. Then l-amino-7-(aminomethyl)isoquinline was 
coupled and finally the product was cleaved off and lyphilisation gave the title compound. 
MS (IonSpray): 447.5 

Example 126 

25 The following compounds wer prepared using the procedure described in example 125. 

126a. (4-n-((Uaminoisoquinolin-7-vnmethvlaminocarbonvnbenzovlVpiperazin-1-vnacetate , 
MS (IonSpray): 447.5 



30 126b. f4-(2'((l-aminoisoquinolin-7-vnmethvlaminocarbonvncvclohexylcarbonvlVpiperazin-l- 
yHacetate , MS (IonSpray): 453.6 
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126c. (4-(4-(( 1 ■aminoisoquinolin-7-vnmethylamino^ 1 .4-dioxo-2-buten- 1 -vl V piperazin- 1 - 
vHacetate , MS (IonSpray): 397.5 

126d. 4-(( 1 -aminoisoquinolin-7-vnmethvlaminocarbonvnben2oylKmethvnamino) 
5 propvlWmethvDamino^acetate , MS (IonSpray): 449.5 
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Other compounds of the invention which may be prepared following the procedures as set out in 
the specification are shown in Tables la, lb, lb, Ic, Id, Ie, If, Ig, Ig, Ih, Ij Ik. and II 



Table la 
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Table Id 




H,N N 



r'so 2 . / sc>1 



OCH 3 




CH 3 

HsC-^^sN^, S0 2 

XX 



H3CO 




SO, 




so 2 




SO, 



N 



CH(CH 3 ) 2 l! 




Table Ie 




H,N N 



R'S0 2 . 




Table If 




R'S0 2 . 




H 3 cO 
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Table Ig 
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Table Ik 



5 
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Also the following compounds may be prepared according the procedures as previously 
described: 




NHS0 2 CH 2 CH 3 




NH 2 
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The biological activities of the compounds of the present invention were determined by the 
following test methods. 

I. Anti-thrombin assay 
5 Thrombin (Factor Ila) is a factor in the coagulation cascade. 

The anti-thrombin activity of compounds of the present invention was assessed by measuring 
spectrophotometrically the rate of hydrolysis of the chromogenic substrate s-2238 exterted by 
thrombin. This assay for anti-thrombin activity in a buffer system was used to assess the IC50- 
value of a test compound. 



10 



Test medium : 



Tromethamine-NaCI-polyethylene glycol 6000 (TNP) buffer 



Reference compound : 12581 (Kabi) 
Vehicle : TNP buffer. 



15 



Technique 



Solubilisation can be assisted with dimethylsulphoxide, methanol, ethanol, 
acetonitrile or tert.-butyl alcohol which are without adverse effects in 
concentrations up to 2.5% in the final reaction mixture. 
Reagents* 

1 . Tromethamine-NaCl (TN) buffer 



Composition of the buffer: 



20 



Tromethamine (Tris) 6.057 g (50 mmol) 



NaCI 



5.844 g (100 mmol) 



Water to 



The pH of the solution is adjusted to 7.4 at 37 °C with HC1 (10 
mmolT 1 ). 



25 



2. TNP buffer 



Polyethylene glycol 6000 is dissolved in TN buffer to give a 
concentration of 3 g-1* 1 



30 



S-2238 solution 

One vial S-2238 (25 mg; Kabi Diagnostica, Sweden) is dissolved in 20 
ml TN buffer to give a concentration of 1.25 mg-ml" 1 (2 mmol T 1 ). 
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4. Thrombin solution 

Human thrombin (16 000 nKat-viaT 1 ; Centraal Laboratorium voor 
Bloedtransfusie, Amsterdam, The Netherlands) is dissolved in TNP 
buffer to give a stock solution of 835 nKat ml" 1 . 

Immediately before use this solution is diluted with TNP buffer to give 
a concentration of 3.34 nKat-ml" 1 . 

* - All ingredients used are of analytical grade 

For aqueous solutions ultrapure water (Milli-Q quality) is used. 



Preparation of test, and . reference compound . solutions 
The test and reference compounds are dissolved in Milli-Q water to give 
stock concentrations of 10' 2 moIT 1 . Each concentration is stepwise diluted 
with the vehicle to give concentrations of 10~ 3 , 10" 4 and 10" 5 moH" 1 . The 
15 dilutions, including the stock solution, are used in the assay (final 

concentrations in the reaction mixture: 3-10* 3 ; 10 3 ; 3-10" 4 ; 10~ 4 ; 3-10* 5 ; 10* 
5 ; 3*10' 6 and 10" 6 mol l" 1 , respectively). 

Procedure 

20 At room temperature 0.075 ml and 0:025 ml test compound or reference 

compound solutions or vehicle are alternately pipetted into the wells of a 
microtiter plate and these solutions are diluted with 0.1 15 ml and 0.0165 
ml TNP buffer, respectively. An aliquot of 0.030 ml S-2238 solution is 
added to each well and the plate is pre-heated and pre-incubated with 

25 shaking in an incubator (Amersham) for 10 min. at 37 °C. Following pre- 

incubation the hydrolysis of S-2238 is started by addition of 0.030 ml 
thrombin solution to each well. The plate is incubated (with shaking for 30 
s) at 37 °C. Starting after 1 min of incubation, the absorbance of each 
sample at 405 nm is measured every 2 min. for a period of 90 min. using a 

30 kinetic microtiter plate reader (Twinreader plus, Flow Laboratories). 
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All data are collected in an IBM persona! computer using LOTUS- 
MEASURE. For each compound concentration (expressed in moH" 1 
reaction mixture) and for the blank the absorbance is plotted versus the 
reaction time in min. 

Evaluation of responses : For each final concentration the maximum absorbance was 
calculated from the assay plot. The ICso-value (final concentration, expressed in |imoH"\ causing 
50% inhibition of the maximum absorbance of the blank) was calculated using the logit 
transformation analysis according to Hafner et al. (Arzneim.-Forsch./Drug Res. 1977; 27(11): 
1871-3). 



Antithrombin activity: 



Example 


IC 50 (umol l 1 ) 


5 


28 


7 


6.8 


8 


0.082 


10 


1.1 


18 


0.53 


30 


35 


32 


1.44 



II. Anti-factor Xa assay 

Activated Factor X (Xa) is a factor in the coagulation cascade. The anti-Xa activity of 
compounds of the present invention was assessed by measuring spectrophotometrically the rate 
of hydrolysis of the chromogenic substrate s-2222 exterted by Xa. This assay for anti-Xa activity 
in a buffer system was used to assess the IC 50 -value of the test compound. 

In general the followed procedure and test conditions were analogous to those of the anti- 
thrombin assay as described above. Differences are indicated below. 
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Reference compound : benzamidine 

Vehicle : TNP buffer. 

Solubilisation can be assisted with dimethylsulphoxide, methanol, ethanol, 
acetonitrile or tert. -butyl alcohol which are without adverse effects in 
5 concentrations up to 1% (for DMSO) and 2.5% (for the other solvents) in 

the final reaction mixture. 

Technique Reagent s* 

3. S-2222 solution 
One vial S-2222 (15 mg; Kabi Diagnostica, Sweden) is dissolved in 10 
ml water to give a concentration of 1 .5 mg-ml' 1 (2 mmolT 1 ). 

4. Xa solution 

Bovine Factor Xa Human (71 nKat-via!" 1 ; Kabi Diagnostica) is 
dissolved in 10 ml TNP buffer and then further diluted with 30 ml 
TNP buffer to give a concentration of 1.77 nKat-ml" 1 . The dilution has 
to be freshly prepared. 
Procedure 

Instead of the S-2238 solution (in anti-thrombin assay), the above S-2222 
solution is added to each well in this assay. 

20 Anti-factor Xa activity 



Example 


ICso (junol-r 1 ) 


1 


48 


3 


29 


14 


41 


24 


14 


26 


14 



10 



15 
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m. Caco-2 permeability 

Caco-2 cells were obtained from the American Type Culture Collection and were used in passage 
nrs 25 to 35. Cells were maintained at 37 °C in 75 cm 2 culture flasks (Nunc) in Dulbecco's 
Modified Eagle's Medium (DMEM) supplemented with 1% of non-essential amino acid solution 
5 (100x), 10% of heat-inactivated fetal bovine serum, penicillin (100 U/ml) and streptomycin (100 
Hg/ml) in an atmosphere of 95% of air and 5% of C0 2 . The pH of the medium was 7.4. For 
experiments cells were grown on Transwell-COL™ collagen treated cell culture filter inserts 
(Costar, Cambridge, MA, USA) with a surface area of 0.33 cm 2 . The seeding density was 6.3 x 
10 5 cells/cm 2 . Culture medium was added on each side of the filter. The growth of the cells and 

10 degree of confluency was checked every 2-3 days microscopically. Confluent monolayers were 
used on day 23-24 after seeding, at which time the transepithelial electrical resistance of the 
monolayers was at a stable value of approximately 260 Q.cm 2 . Permeability experiments were 
performed with compound concentrations of 0. 1 mM or 1 mM in the apical compartment in 
Hanks* Balanced Salt Solution with or without 0.5% (w/v) of bovine serum albumin. At 1, 2 and 

15 3 hours after addition of compound to the cells the filters were placed into fresh acceptor 
compartments. In this way three one-hour samples were obtained. Compound concentration was 
determined in samples from acceptor compartments and donor compartment by HPLC or by 
measuring anti-thrombin activity. Permeability experiments of each compound were performed 
with 4 different filters. Results shown in the Table are means of the permeability between 2 and 3 

20 hours after the start of the experiment of at least 2 filters. 
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In the following Table the apparent Caco-2 permeability (P apP ) is given in nm/s for compounds of 
the present invention compared to the prior art compounds NAPAP and "Pefa 1286"*. 



Compound 


Caco-2 P w (nm/s) ; 


NAPAP 


4 


"Pefa 1286"* 


1.1 


ex.2 


19 


ex.4 


25 


ex.S 


37 


ex.11 


148 


ex.13 


118 


ex.14 


10 


ex.18 


121 



* Pefa 1286 is the compound l-[3-[3-(aminoiminomethyl)phenyl]-2-[(2-naphthalenyl- 
sulfonyl)amino]-l-oxopropyl]-4-(methylsulfonyl)piperazine (L-form) from WO 94/18185 



Conclusion : The apparent permeability of compounds of the present invention is significantly 
higher than that of the prior art compounds NAPAP and Pefa 1286. Compounds of the present 
invention will therefore be considerably better absorbed in the gastrointestinal tract. 

10 
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CLAIMS 



h An antithrombotic compound comprising the group Q, Q having the formula 



I 

m(H 2 Q 



N-X' 

CZ^ , and *w) 



wherein the substructure is a structure selected from 



, wherein X is O or S; 
X* being independently CH or N; 
and m is 0, 1, 2 or 3; 

wherein the group Q is bound through an oxygen atom or an optionally substituted nitrogen 
or carbon atom, 

or a pharmaceutically acceptable salt thereof or a prodrug thereof. 
2. The compound of claim 1, wherein Q has the formula 

I 

,(H 2 C) 




m being as previously defined. 



3. The compound of claim 1 or 2, being a serine protease inhibitor of any one of the formulae (I), 
(XX), (XXX) or (XL), or a GpIIb/IIIa antagonist of formula (L), 



WO 98/47876 



190 



PCT/EP98/02455 



wherein formula (I) is 

R^Y-INR^A-QO^n-NR^CHR^QO^R 5 (I) 

5 in which formula 

R 1 is(l-8C)alkyt, (6-14C)aryKl-8C)alkenyl, (6-14C)aryl-(l-8C)alkanoyl, (6-14C)aryl, 
(7-15C)aralkyl, bisaryl, heteroaryl, heteroaralkyl, heterocycloalkyl, cycloalkyl or cycloalkyl 
substituted alkyl; 
R 2 isHor(l-8C)alkyl; 
10 R 3 is Q when R 4 is H, or 

R 3 is H or (l-8C)alkyl when R 4 is Q; 
Q is as previously defined; 

R 5 is OH or OR 6 , R 6 being (l-8C)a!kyl, (3-12C)cycioalkyl or (7-15C)aralkyl, or R 3 is NR 7 R 8 , 
wherein R 7 and R 8 are the same or different being H, (l-8C)alkyl, (3-12C)cycloalkyl, 

15 (6-14C)aryl, (7-15C)aralkyl, optionally subtituted with (l-8C)alkoxy, C(0)OH or C(0)OR 6 , 
or R 7 and R 8 together with the nitrogen atom to which they are bonded are a nonaromatic 
(4-8)membered ring optionally containing another heteroatom, which ring may be condensed 
with another optionally aromatic ring and may be subtituted with OH, an oxo group, 
(l-8C)alkyl, optionally substituted with one or more halogens or hydroxy groups, (2- 

20 8C)alkenyl, (l-8C)alkylidene, (2-8C)alkynyl, (l-8C)alkoxy, (l-8C)acyl, (6-14C)aryl, 
C(0)OH, C(0)OR 6 , C^NR^ 0 , wherein R 9 and R !0 are the same or different being H or 
(l-8C)a!kyl, or S0 2 R n and R u is (l-8C)alkyl optionally substituted by one or more fluorine 
atoms; 

Y is S0 2 or C(O); 

25 A is CHR 12 , R 12 being H, phenyl, benzyl, (l-8C)alkyl, optionally substituted with OH or 
COR 13 wherein R 13 is OH, (l-8C)alkoxy, morpholino, morpholino(l-8C)alkoxy, NH 2 , NHR 14 
or NR l4 R 15 , R' 4 and R 15 being independently (l-8C)alkyl optionally substituted with C(0)OR 2 
or R 14 and R 15 are a nonaromatic (4-8)membered ring together with the nitrogen atom to 
which they are bonded, or R 12 together with R 3 is -(CH 2 ),- when R 4 is Q, s being 2, 3 or 4, or 

30 A is NR 2 ; 

and n is 0 or I ; 
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and wherein formula (XX) is 

" J-D-E-N(R'y-Q (XX) 

5 in which formula Q is as previously defined; 
(R') 1 isHor(l-4C)alkyl; 

J is H, optionally substituted D,L ot-hydroxy acetyl, (R') 2 , (R') 2 -0-C(0)-, (R') 2 -C(0)-, 

(R') 2 -S0 2 -, (R0 7 OOC-(CH(R')VSO 2 -, (R') 7 OOC-(CH(R')V (R') 3 2NCO-(CH(R') 3 ) P -> 
Het-CO-(CH(R') 3 ) p - v or an N-protecting group, wherein (R') 2 is selected from (l-12C)alkyl, 

10 (2-12C)alkenyl, (2-12C)alkynyl and (3-12C)cycloalkyl, which groups may optionally be 
substituted with (3-12C)cycloalkyl, (l-6C)alkoxy, oxo, OH, COOH, CF 3 or halogen, and 
from (6-14C)aryl, (7-15C)araIkyl and (8-16)aralkenyl, the aryl groups of which may optionally 
be substituted with (l-6C)alkyl, (3-12C)cycloalkyl, (l-6C)alkoxy, OH, COOH, CF 3 or 
halogen; each group (R 1 ) 3 is independently H or has the same meaning as (R') 2 ; (R') ? has the 

15 same meaning as (R') 3 or is Het-(l-6C)alkyl or Het-(2-6C)alkynyl; and Het is a 4-, 5- or 6- 
membered heterocycle containing one or more heteroatoms selected from O, N or S; p is 1, 2 
or 3; 

D is a bond, an amino-acid of the formula -NH-CH[(CH 2 ) q C(0)OH]-C(0)- or an ester, 
derivative thereof and q being 0, 1, 2 or 3, -N((l-12C)aIkyl)-CH 2 -CO-, 

20 -N((2-12C)alkenyl)-CH 2 -CO-, -N((2-12C)alkynyl)-CH 2 -CO-, -N(benzyl)-CH 2 -CO-, D-l-Tiq, 
D-3-Tiq, D-Atc, Aic, D-l-Piq, D-3-Piq or a L- or D-amino acid having a hydrophobic, basic 
or neutral side chain, which amino acid may optionally be N-(l-6C)alkyl substituted; 
or J and D together are the residue (R') 4 (R') 5 N-CH(R') 6 -C(0)-, wherein (R') 4 and (R 1 ) 5 
independently are (R*) 2 , (R , ) 2 -0-C(0)- > (R*) 2 -C(0)-, (R') 2 -S0 2 -, (R , ) 7 00C-(CH(R , ) 3 ) p -S0 2 -, 

25 (R , ) 7 OOC-(CH(R , ) 3 ) p -, H 2 NCO-(CH(R*) 3 ) p -, or an N-protecting group, or one of (R') 4 and 
(R') 5 is connected with (R*) 6 to form a 5- or 6-membered ring together with "N-C" to which 
they are bound, which ring may be fused with an aliphatic or aromatic 6-membered ring; and 
(R*) 6 is a hydrophobic, basic or neutral side chain; 

E is an L-amino acid with a hydrophobic side chain, serine, threonine, a cyclic amino acid 
30 optionally containing an additional heteroatom selected from N, O or S, and optionally 
substituted with (l-6C)alkyl, ( 1 -6C)alkoxy, benzyloxy or oxo. 
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or E is -N(R') 3 -CH 2 -C(0)- or the fragment 

-NH-CH ^N-CH 2 -C(0)- _ NH 



O or 
wherein t is 2, 3, or 4, and W is CH or N, 
or E-N(R') 1 taken together form the fragment 

XCU 2 ) U 
A \ 
-NH-CH N- 



N-CH 2 -C(0)- 




O 9 wherein u is 1, 2 or 3; 
or a prodrug thereof; 



and wherein formula (XXX) is 

T— (CH 2 ) r -K 
( R T (XXX), 

10 in which formula 

Q is as previously defined; 
r is an integer of 0 to 4; 

(R") 1 is a hydrogen atom, a carboxyl group, an alkoxycarbonyl group, a carboxyalkyl group, 
an alkoxycarbonylalkyl group, a carboxyalkoxy group or an alkoxycarbonylalkoxy group; 
15 (R") 2 is a hydrogen atom, a hydroxyl group, a lower alkyl group or a lower alkoxy group; 

M is an alkylene group having a carbon number of 1 to 4, which may have 1 or 2 substituents 
selected from the group consisting of hydroxyalkyl, carboxyl, alkoxycarbonyl, carboxyalkyl 
and alkoxycarbonylalkyl; 

T is a single bond, an oxygen atom, a sulfur atom or a carbonyl group; 
20 K is a saturated or unsaturated 5- or 6-membered heterocyclic moiety or cyclic hydrocarbon 
moiety optionally having a substituent group, an amino group optionally having a substituent 
group or an aminoalkyl group optionally having a substituent group; 
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and wherein formula (XL) is 

^(R"f 

(XL) 
in which formula 

(R"') 1 and (R"') 2 are independently H, lower alkyl, aryl, heteroaryl, cycloalkyl or lower alkyl 
5 substituted by one or more substituents selected from CONH 2 , COO-(Iower alkyl), aryl, 
heteroaryl and cycloalkyl; 
or (R"') 2 is lower alkanoyl; 

(R*") 3 is H, COOH, CONH 2 , COO-(lower alkyl), CONH-(lower alkyi) or CON(lower alkyl^; 

(R'") 4 , (R"') S and (R*") 6 are independently H, lower alkyl, aryl, aralkyl or cycloalkyl; 
10 or (R"*) 4 and/or one of (R"') 5 and (R" 1 ) 6 is heteroaryl or lower alkyl substituted with OH, 

SO2H, S0 3 H, guanidino, aryl-(lower alkoxy), lower alkoxy or lower alkylthio; 

or (R"') 2 together with (R 1 ") 4 forms a tri- or tetramethylene group, in which (a) a methylene 

group may be replaced by S, SO or SO2 or may be substituted with OH, lower alkyl, lower 

alkenyl or carboxy-(lower alkyl) or (b) one of the methylene groups may be substituted with 
15 lower alkenyl and the other with (lower alkyl)-COOH; 

and at least one of (R'")\ (R"') 2 , (R"')\ (R"') 5 and (R"') 6 is the group of formula Q, Q 

having the previously defined meaning; 

and wherein formula (L) is 
20 Q - [spacer] - COOH (L), 

wherein Q has the previously defined meaning; 

the distance between the amino substituted carbon atom of the group Q and the carbon atom 
of the carboxylate moiety has a length of 12-18 A; the spacer is any suitable chemical moiety; 
and the carboxylate group may be esterified. 



(R 1 ") 1 



(R'") S 



(R'") 2 



25 
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4. The compound of claim 3 having the formula (I), wherein R 1 is phenyl, naphthyl, 
(iso)quinolinyl, tetrahydro(iso)quinolinyl, 3,4-dihydro-IH-isoquinoIinyl, 2,3,4,5-tetrahydro- 
" lH-benzo[d]azepinyI, 2,3-dihydro-5H-benzo[f][l,4]oxazepinyl, dibenzofiiranyl, chromanyl, 
bisaryl, each aryl being a 5- or 6-membered ring and optionally containing a O, S or N-atom, 

5 which groups R 1 may optionally be substituted with one or more substituents selected from 
(l-8C)alkyl, (l-8C)alkoxy the alkyl group of which may be optionally substituted with an 
alkoxy group or an alkoxyalkyl group, phenyl-(l-8C)alkyl, tetrahydropyranyloxy, 
tetrahydropyranyloxy(l-8C)alkyl or NR 15 R 16 , in which R 15 and R 16 are independently selected 
from H and (l-8C)alkyl, or R 1 is (l-8C)alkyl substituted with a (5-8C)cycloalkyl, 

10 (7-10C)bicycloalkyl or (10-16C)polycycloalkyl, optionally substituted with a group selected 
from oxo or (l-8C)alkyl; 
R 3 isHor(l-8C)alkyl; 
R 4 is Q; 

R 5 is (l-8C)alkoxy, NR 7 R 8 , wherein R 7 and R 8 are the same or different being H, (l-8C)alkyl, 
15 (3-12C)cycloalkyl, optionally substituted with (l-8C)alkoxy or COOR 6 , or R 5 is a group of 
the formula 




wherein the interrupted line represents an optional bond, B being CR 17 when the optional 
bond is present, or B is CHR 17 , R 17 being H, (l-8C)alkyl, optionally substituted with one or 
20 more halogens or hydroxy groups, (2-8C)alkenyl, (2-8C)alkynyl, (1 -8C)acyl, or ( 1 -8C)alkoxy, 
or B is O, S, or NR 18 , R 18 being (l-8C)alkyl, (l-8C)acyl, C(0)NR 9 R 10 or S0 2 -(l-8C)alkyl 
optionally substituted by one or more fluorine atoms. 



5. The compound of any one of claims 3 or 4 having the formula (I), wherein R 2 and R 3 are H 
25 and R 4 is 
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1 I 




6. The compound of any one of claims 3-5 having the formula (I), wherein R 5 is 

7 \ 

— N B 

\ / 

5 wherein B is CH 2 or CH( 1 -8C)alkyl. 

7. The compound of any one of claims 3-6 having the formula (I), wherein R 1 is phenyl or 
naphthyl, tetrahydroisoquinolinyl, 3,4-dihydro-lH-isoquinolinyl, 2,3,4,5-tetrahydro-lH- 
benzo[d]azepinyl, 2,3-dihydro-5H-benzo[fJ[l,4]oxazepinyl, which groups R 1 may optionally 

10 be substituted with one or more substituents selected from (l-8C)alkyl, (l-8C)alkoxy the alkyl 
group of which may be optionally substituted with an alkoxy group or an alkoxyalkyl group, 
phenyl-(l-8C)alkyl, tetrahydropyranyloxy, tetrahydropyranyloxy(l-8C)alkyl or NR 15 R 16 ; and 
Y is S0 2 . 



15 8. The compound of any one of claims 3-7 having the formula (I), wherein n is 1 and R 4 is 
\ 
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9. The compound of claim 8, wherein A is CH(l-8C)alkyl substituted with COR 13 wherein R 13 is 
OH, (l-8C)alkoxy, morpholino, morpholino(l-8C)aIkoxy, NHR 14 or NR ,4 R ,S , R 14 and R 15 
- being independently (l-8C)alkyl, or A is CHR 12 , R 12 being -(CH 2 ).- together with R 3 when R 4 
is Q, s being 2 or 3. 



10 



10. The compound of claim 9, wherein R 1 is 

ch 3 



h 3 co 




CH 3 



A is CHCH 2 C(0)OH, CHCH 2 C(0)0(l-8C)alkyl, CHCH 2 C(0)morpholine, 
CHCH 2 C(0)0(l-8C)alkylene-morpholine, CHCH 2 C(0)NHR 14 or CHCH 2 C(0)NR 14 R 1S , R 14 
and R 15 being independently (l-8C)alkyl; 
and R 5 is 



/ 



•N 




15 



1 1 . The compound of any one of claims 3-7 having the formula (I), wherein n is 0 and R 4 is 



H 2 N 




12.The compound of claim 1 1 , wherein R 1 is selected from 
H 3 CO 
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and 



5 

13. A process for the preparation of the compound of formula (I) of any one of claims 3-12, by 
deprotection of the following compound 
R L Y -[NR 2 -A-C(0)] n -NR 3 -CHR 4 -C(0)-0-G, 

wherein G e.g. is an alkyl or benzyl group, followed by coupling with R 5 -H, 
10 or they can be prepared by deprotection of the compound 
Pg-NR 3 -CHR 4 -C(0)R 5 , 

wherein Pg is an N-protecting group, followed by coupling with one of the groups 
R^Y-NR^A-QO^OH, R l -Y-Lg or R'-QCO-OH, 
wherein Lg is a leaving group. 

15 

14. The compound of claim 3 having the formula (XX), wherein E is an L-amino acid with a 
hydrophobic side chain, serine, threonine or -NCR'^-CHi-CCO)- or wherein E-N(R') 1 taken 
together form the fragment 

^(CH 2 ) U ^ 
-NH-CH N- 




O 



20 
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15. The compound of claim 3 having the formula (XX), wherein 
J is as previously defined; 

- D is a bond, an amino-acid of the formula -NH-CH[(CH 2 ) q C(0)OH]-C(0)- or an ester 
derivative thereof and q being 0, 1, 2 or 3, -N((l-6C)alkyl)-CH 2 -CO-, 
-N((2-6C)alkenyi)-CH 2 -CO-, -N(benzyI)-CH 2 -CO-, D-l-Tiq, D-3-Tiq, D-Atc, Aic, D-l-Piq, 
D-3-Piq or a D-amino acid having a hydrophobic side chain, which amino acid may optionally 
be N-(l -6C)alkyl substituted; 

or J and D together are the residue (R') 4 (R f ) 5 N-CH(R') 6 -C(0)-; 

and E is a cyclic amino acid optionally containing an additional heteroatom selected from N, O 
or S, and optionally substituted with (l-6C)a!kyl, (l-6C)alkoxy, benzyloxy or oxo, or E is 
'-NCR'^-CHi-CCO)- or the fragment 

-NH-CH N-CH 2 -C(0)- 

-NH 



or 





16.The compound of claim 15, wherein 

J is H, 2-hydroxy-3-cyclohexyl-propionyl-, 9-hydroxy-fluorene-9-carboxyl, (R*) 2 , (R') 2 -S0 2 -, 
(R , ) 7 OOC-(CH(R , ) 3 ) p -S0 2 -, (R') 7 OOC-(CH(R') 3 ) P -, (R') 3 2 N-CO-(CH(R') 3 ) p -, 

Het-CO-(CH(R , ) 3 ) p - wherein Het contains as a heteroatom at least a nitrogen atom which is 
bound to CO, or an N-protecting group, wherein (R') 2 is selected from (l-12C)alkyl, 
(2-12C)alkenyl, (6-14C)aryl, (7-15C)aralkyl and (8-16)aralkenyl which groups may optionally 
be substituted with (l-6C)alkoxy; each group (R*) 3 is independently H or has the same 
meaning as (R') 2 ; (R') 7 has the same meaning as (R') 3 or is morpholino-(l-6C)alkyl or 
morpholino-(2-6C)alkynyl; 

D is a bond, D-l-Tiq, D-3-Tiq, D-Atc, Aic, D-l-Piq, D-3-Piq or a D-amino acid having a 
hydrophobic side chain, which amino acid may optionally be N-(l-6C)alkyl substituted; 
or J and D together are the residue (R')\R0 5 N-CH(R') 6 -C(O)-. 



17.The compound of claim 16, wherein 

J isH, (R') 2 -S0 2 -, (R') 7 OOC-(CH(R')V, (R , ) , 2 N-CO-(CH(R t ) 3 ) p -, 
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:n-cckch(R')V 



or 



o 



N-CO-(CH(Rf) p - 



D is a bond, D-l-Tiq, D-3-Tiq, D-Atc, Aic, D-l-Piq, D-3-Piq or a D-amino acid having a 
hydrophobic side chain; 

or J and D together are the residue (R') 4 (R0 5 N-CH(R*) 6 -C(O)-, wherein at least one of (IV) 4 
5 and (R T ) 5 is (R0 7 OOC-(CH(R') 3 )p- or (R') 2 -S0 2 - and the other independently is (l-12C)aikyl, 
(2-12C)alkenyl, (2-l2C)alkynyl, (3-12C)cycloalkyl, (7-15C)aralkyl, (R') 2 -S0 2 - or 
(R , ) 7 OOC-(CH(R , )V. and (R') 6 is a hydrophobic side chain. 

18. The compound of claim 3 having the formula (L), 
10 wherein the compound has the formula (La) 

Q-C(0)-N(R"") 1 -U-C(R ,, ") , (R"") 2 -V (La), 
wherein Q has the previously defined meaning; 
(R"") 1 is independently H or (l-4C)alkyl; 
U is a bond or C^R"") 1 ; 

15 (R"") 2 is (l-12C)alkyl, (2-12C)alkenyI, (2-12C)alkynyl, (3-8C)cycloalkyl, (6-14C)aryl, 

(7-15C)aralkyl or (8-16)aralkenyl, which may optionally be substituted with (l-6C)alkyl, 
(3-8C)cycIoalkyl, (l-6C)alkoxy, OH, COOH, CF 3 or halogen; 

V is a 5-, 6-, or 7-membered saturated, unsaturated or aromatic ring which may optionally 
contain one or more heteroatoms selected from O, N or S and which ring is substituted with 
20 one or two substituents selected from -(CH 2 )v-COO(R"") ! and -0-(CH 2 ) v -COO(R"")\ v 

being 1, 2, 3 or 4. 

19. The compound of claim 18, wherein m is 0; U is a bond; (R" n ) 2 is (l-4C)alkyl, phenyl or 
benzyl, which may optionally be substituted with OH or halogen and V is phenyl, piperidinyl, 

25 piperazinyl or thiazolyl, substituted with one substituent selected from -CH 2 -COO(R"") 1 and 

-0-CH 2 -COO(R"") 1 

20. The compound of claim 3 having the formula (L), 
wherein the compound has the formula (Lb) 
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Q-Z 1 -C(0)-N(R"") 3 -Z 2 .[C(0)] y -CH(R , " , ) 4 -(CH 2 ) 2 -COO(R , " , ) 3 (Lb) 
wherein Q has the previously defined meaning; 
Z 1 is a bond, C=C or C==C; 
(R"") 3 isHor(l-4C)alkyI; 
Z 2 is selected from 



N N— 




(R"") 4 is H, (l-12C)alkyl, (2-12C)alkenyl, (2-12C)alkynyl, (3-8C)cycloalkyl, (6-14C)aryl, 
(7-15C)aralkyi or (8-16)aralkenyl, which may optionally be substituted with (l-6C)alkyl, 
(3-8C)cycloalkyl, (l-6C)alkoxy, OH, COOH, CF 3 or halogen; 
10 y is 0 or 1 and z is 0 or 1 . 

21. The compound of claim 20, wherein Z 1 is C=C; 
(R"") 4 is H; y is I and z is 0. 

15 

22. The compound of claim 3 having the formula (L), 
wherein the compound has the formula (Lc) 

Q-N(H)-C(0)-F-C(0)-N(R' 1 1 , ) 5 .(CH 2 )rN(R' ' ' ') 5 -CH 2 COOH (Lc), 
wherein Q has the previously defined meaning; 
20 (R"") 5 is independently H, (l-4C)alkyI or benzyl or both (R"") 5 groups are an ethylene 

bridge to form a 6- or 7-membered ring together with N-(CH 2 ) U -N to which they are bound; 
F is C=C, or 1,2-, 1,3- or 1,4-phenylene, or l,2-(4-5C)heteroarylene, 2,3-naphthylene or 
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l f 2-(5-7C)cydoaIkylene, which groups may optionally be substituted with (l-4C)alkyl; 
andfis2or3. 

23. A therapeutic compound comprising the group Q, wherein Q has the formula 

I 



N— X* 



o 



wherein the substructure N is a structure selected from 

r\ 

W , \=J and \=J ^ wherein X is O or S; 
X* being independently CH or N; 
and m is 0, 1, 2 or 3; 

which compound has an apparent Caco-2 permeability of 8 nm/s or higher; 
or a pharmaceutical^ acceptable salt thereof or a prodrug thereof 

24. The compound of claim 23, wherein Q has the formula 

I 

m(H 2 C) 




m being as previously defined. 



25. The compound of claim 23 or 24, being a CNS-active agent. 
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5 



10 



26. The compound of claim 23 or 24, being an immunologically active agent. 

27. A pharmaceutical composition comprising the compound of any one of claims 1-12 or 14-26 
and pharmaceutical^ suitable auxiliaries. 

28. The compound of any one of claims 1-12 or 14-26 for use in therapy. 

29. Use of the compound of any one of claims 1-12 or 14-22 for the manufacture of a 
medicament for treating or preventing thrombosis or thrombosis-related diseases. 

30. Use of the group Q for producing an antithrombotic compound comprising Q, wherein Q has 
the formula 



m (H 2 C) 



N— X' 



O iSi 



wherein the substructure v = / is a structure selected from 

f\ x"S 
15 \=/ - " and , wherein X is O or S; 

X' being independently CH or N; 

and m is 0, 1, 2 or 3; 

wherein the group Q is bound through an oxygen atom or an optionally substituted nitrogen 
or carbon atom. 



20 



3LUse of the group Q for producing a therapeutic compound comprising Q, the compound 
having an apparent Caco-2 permeability of 8 nm/s or higher, wherein Q has the formula 
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„(H 2 C) 



w-\ ,} 

N-X' 

o. 



wherein the substructure > ' is a structure selected from 

r\ ^ 

\==/ . and \=/ , wherein X is O or S; 

X' being independently CH or N; 
and m is 0, 1, 2 or 3. 
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